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FOREWORD

This report presents the 2003 projections of future
electricity requirements for the state of Indiana for the
period 2002-2021.  This study is part of an ongoing in-
dependent electricity forecasting effort conducted by
the State Utility Forecasting Group (SUFG).  SUFG was
formed in 1985 when the Indiana legislature mandated
a group be formed to develop and keep current a meth-
odology for forecasting the probable future growth of
electricity usage within Indiana.  The Indiana Utility
Regulatory Commission contracted with Purdue and
Indiana Universities to accomplish this goal.  SUFG
produced its first set of projections in 1987 and has
updated these projections periodically.  This is the ninth
set of projections.

The objective of SUFG, as defined in Indiana Code
8-1-8.5 (amended in 1985), is as follows:

To arrive at estimates of the probable future growth
of the use of electricity...the commission shall establish
a permanent forecasting group to be located at a state-
supported college or university within Indiana.  The
commission shall financially support the group, which
shall consist of a director and such staff as mutually
agreed upon by the commission and the college or uni-
versity, from funds appropriated by the commission.
This group shall develop and keep current a method-
ology for forecasting the probable future growth of the
use of electricity within Indiana and within this region
of the nation.  To do this the group shall solicit the in-
put of residential, commercial and industrial consum-
ers and the electric industry.

SUFG has maintained a similar format for this re-
port as was used in recent reports to facilitate compari-
sons.  Details on the operation of the modeling system
are not included; for that level of detailed information,
the reader is asked to contact SUFG directly or to look
back to the 1999 forecast that is available for download
from the SUFG website located at:

https://engineering.purdue.edu/IIES/SUFG

The authors would like to thank the Indiana utilities,
consumer groups and industry experts who contrib-
uted their valuable time, information and comments
to this forecast.

Finally, the authors would like to gratefully acknowl-
edge the Indiana Utility Regulatory Commission for
its input and suggestions.

This report was prepared by the State Utility Fore-
casting Group.  The information contained in this fore-
cast should not be construed as advocating or reflecting
any other organization's views or policy position.  Fur-
ther details regarding the forecast and methodology
may be obtained from SUFG at:

State Utility Forecasting Group
Purdue University
500 Central Drive

Room 334
West Lafayette, IN  47907-2022

Phone:  765-494-4223
FAX: 765-494-2351

e-mail:  sufg@ecn.purdue.edu

State Utility Forecasting Group/Indiana Electricity Projections 2003   vDraft
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CHAPTER 1

EXECUTIVE SUMMARY

Overview
In November 2001, the State Utility Forecasting

Group (SUFG) released its eighth set of projections of
future electricity requirements for the state of Indiana.
That forecast was based on projections of economic
activity that were produced in February 2001.  Since
then, the national economy has weakened consider-
ably.  This report, which is based on the August 2002
macroeconomic forecast from the Center for Econo-
metric Modeling Research (CEMR) at Indiana Univer-
sity, reflects the current economic climate.

This forecast projects electricity usage to grow at a
rate of 2.16 percent per year.  This growth rate is simi-
lar to that seen in the late 1990s and includes a gradual
economic recovery.  Peak electricity demand is pro-
jected to grow at an average rate of 2.07 percent annu-
ally.  This corresponds to about 420 megawatts (MW)
of increased peak demand per year.

The 2003 forecast predicts Indiana electricity prices
to remain steady in real (inflation adjusted) terms
through the end of the decade and then slowly fall
through the remainder of the forecast.

Previous SUFG forecasts have identified early re-
source needs that could be classified as peaking, which
are intended to be operated only during periods of
high electricity usage.  Peaking resources are charac-
terized by relatively low construction costs, but high
operating costs.  The recent addition of peaking gen-
erators to the statewide generation mix has reduced
that need.  While some additional peaking capacity
will be needed in the future, this is the first SUFG fore-
cast that identifies a substantial need for additional
baseload capacity in the first few years.  Baseload gen-
erators, which are intended to be used even during
period of low demand, have relatively high construc-
tions costs, but low operating costs.  This forecast iden-
tifies a need for over 1,000 MW of additional baseload
resources by 2008.

While SUFG identifies resource needs in its forecasts,
it does not advocate any specific means of meeting

them.  Required resources could be met through con-
servation measures, purchases from merchant genera-
tors or other utilities, construction of new facilities or
some combination thereof.  The best method for meet-
ing resource requirements may vary from one utility
to another.

Other issues addressed in the forecast include:

• What is the impact of the economic slow-
down on Indiana peak demand and elec-
tricity requirements?

• Can coal compete with natural gas as the
fuel of choice for new electricity genera-
tors?

• How have recent wholesale electricity
prices affected new generation plant con-
struction?

Outline of the Report
The current forecast continues to respond to SUFG's

legislative mandate to forecast electricity demand.  It
includes projections of electricity energy requirements,
peak demand, prices, and capacity requirements.  It
also provides projections for each of the three major
customer sectors:  residential, commercial and indus-
trial.

Chapter 2 of the full report briefly describes SUFG's
forecasting methodology.  A complete description of
the SUFG regulated modeling system used to develop
this forecast was included in the 1999 forecast and is
available at the SUFG website:

https://engineering.purdue.edu/IIES/SUFG.

Chapter 3 through 7 describe the data inputs and
integrated projections of electricity demand, supply
and price for each major consumption sector in the state
under three scenarios:

• the base scenario, which is intended to rep-
resent the most likely electricity forecast,
i.e., the forecast has an equal probability
of being low or high;
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• the low scenario, which is intended to rep-
resent a plausible lower bound on the elec-
tricity sales forecast and thus, has a low
probability of occurrence; and

• the high scenario, which is intended to rep-
resent a plausible upper bound on the
electricity sales forecast and thus, has a
low probability of occurrence.

Chapter 8 discusses the three issues of importance
to Indiana electricity policymakers described on page
1-1.

Finally, Appendix A depicts the data sources used
to produce the forecast and provides historical data
for energy, peak demand and prices.

The Regulated Modeling System
The SUFG modeling system explicitly links electric-

ity costs, prices and sales on a utility-by-utility basis
under each scenario. Econometric and end-use mod-
els are used to project electricity use for each major
customer group — residential, commercial and indus-
trial -- using fuel prices and economic drivers to simu-
late growth in electric energy use. The projections for
each utility are developed from a consistent set of state-
wide economic, demographic and fossil fuel price pro-
jections. In order to project electricity costs and prices,
generation resource plans are developed for each util-
ity and the operation of the generation system is simu-
lated. These resource plans  reflect “need” from both a
statewide and utility perspective.

Resource needs are determined on a statewide basis
by matching existing statewide resources to projected

diversified statewide peak demand plus reserves.  For
planning purposes, SUFG assumed a 15 percent re-
serve margin1 for the state.  Due to diversity in de-
mand among the utilities, a statewide 15 percent
reserve margin occurs when individual utility reserve
margins are roughly 11 percent.  When the state re-
serve margin falls below 15 percent, resource additions
are chosen from a list of resource options based on an
analysis of load versus existing capacity for individual
utilities.

The dynamic interactions between customer pur-
chases, a utility’s operating and investment decisions
and customer rates are captured by cycling through
the various submodels until an equilibrium, or balance,
among demand, supply and price is attained.

Major Forecast Assumptions
In updating the modeling system to produce the

current forecast, new projections were developed for
all major exogenous variables.2   These assumptions
are summarized below.

Economic Activity Projections. One of the largest in-
fluences in any energy projection is growth in economic
activity. Each of the sectoral energy forecasting mod-
els is driven by economic activity projections, i.e., per-
sonal income, population, commercial employment
and industrial output. The economic activity assump-
tions for all three scenarios were derived from the In-
diana macroeconomic model developed by CEMR.
SUFG used CEMR’s August 2002 projections for its
base scenario. A major input to CEMR’s Indiana model

1 SUFG reports reserves in terms of reserve margins instead of capacity margins.  Care must be taken when us-
ing the two terms since they are not equivalent.  A 15 percent reserve margin is equivalent to a 13 percent capac-
ity margin.

 Capacity Margin = [(Capacity-Demand)/Capacity]
 Reserve Margin=[(Capacity-Demand)/Demand]

2 Exogeneous variables are those variables that are determined outside the modeling system and are then used as
inputs to the system.
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is a projection of total U.S. employment, which is de-
rived from CEMR’s model of the U.S. economy.  The
CEMR Indiana projections are based on a national em-
ployment projection of 0.98 percent growth per year
over the forecast period. Indiana total employment is
projected to grow at an average annual rate of 1.24
percent. Other key economic projections are:

• Real personal income (the residential sec-
tor model driver) is expected to grow at a
2.36 percent annual rate.

• Non-manufacturing employment (the
commercial sector model driver) is ex-
pected to average 1.79 percent annual
growth rate over the forecast horizon.

• Despite the continued decline of manufac-
turing employment, manufacturing Gross
State Product (GSP) (the industrial sector
model driver) is expected to rise at a  1.50
percent annual rate as gains in productiv-
ity offset declines in employment.

To capture some of the uncertainty in energy fore-
casting, SUFG also requested CEMR to produce low
and high growth alternatives to its base economic pro-
jection. In effect, the alternatives describe a situation
in which Indiana either loses or gains shares of na-
tional industries compared to the base projection.

Demographic Projections. Population growth for all
scenarios is 0.25 percent per year.  This projection is
from the Indiana Business Research Center (IBRC) at
Indiana University.

The SUFG forecasting system includes a housing
model that utilizes population and income assump-
tions to project the number of households. The IBRC
population projection, in combination with the CEMR
projection of real personal income, yields an average
annual growth in households of 0.66 percent over the
forecast period.

Fossil Fuel Price Projections.  SUFG's current assump-
tions are based on the January 2003 projections pro-
duced by the Energy Information Administration (EIA)
for the East North Central Region.  SUFG’s fossil fuel
real price3 projections are as follows:

• Natural Gas Prices:  Gas price projections
for all customers decrease slightly through
2006 and increase moderately over the
remainder of the forecast horizon.

• Utility Price of Coal:  Coal prices will de-
cline slightly in real terms throughout the
entire forecast horizon.

The Base Scenario
Figure 1-1 shows the current base scenario projec-

tion for electricity requirements in gigawatthours
(GWh), along with the projections from the previous
two forecast reports.  Similarly, the base projection for
peak demand is shown in Figure 1-2.  The annual
growth rates for electricity requirements and peak
demand in this forecast are 2.16 and 2.07 percent, re-
spectively, compared to 1.87 and 1.95 percent in the
previous forecast.

In this instance, a comparison of growth rates for
electricity requirements between the current and pre-
vious forecast can be misleading.  Despite the higher
growth rate, the trajectory for electricity requirements
in this forecast actually lies below the one for the 2001
forecast.  This is caused by the relative lack of growth
in actual sales between 1999 and 2001.  Therefore, as
the two trajectories converge near the end of the fore-
cast, the current forecast exhibits a higher growth rate.
The industrial electricity sales projections in the two
forecasts exhibit the same phenomenon (see Table 1-
1).  The electricity sales projections for the residential
sector and commercial sector are closer to the 2001
projections.

3 Real prices are calculated to reflect the change in the price of a commodity after taking out the change in the
general price levels (i.e., the inflation in the economy).
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The growth in peak demand is similar to that pro-
jected in 2001.  The projections of peak demand are for
normal weather patterns, and projected peak demand
for long-run planning is reduced by interruptible loads.

Another measure of peak demand growth can be ob-
tained by considering the year to year MW load
change.  In Figure 1-2, the annual increase is about
420 MW.

This forecast report marks a slight change in the way
that growth rates are presented.  In past reports,
growth rates were calculated from the last year of ac-
tual data that was available to the last year of the fore-
cast.  This possibly could lead to misleading results if
the last year of actual data was very different from
normal.  One example of this might be if the last ac-
tual year had an unusually hot summer, resulting in
exceptionally high peak demand.  By going from the
actual observation to a projected value, which assumes
normal weather, the growth rate would be skewed
too low.  Therefore, SUFG calculates growth rates for

Table 1-1.  Annual Electricity Sales Growth
(%) By Sector (Current vs. 2001 Projections)

Residential

Commercial

Industrial

Total

1.95

2.71

1.97

2.16

2.02

2.57

1.32

1.87

Current
(2002-2021)

2001
(2000-2019)

Electricity Sales Growth

Sector

Figure 1-1.  Indiana Electricity Requirements in GWh
(Historical, Current and Previous SUFG Base Forecasts)
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projections from the first forecast year to the last.  As
in previous forecasts, the period of time over which
the growth rate is calculated is provided.

Resource Implications

SUFG’s resource plans include both demand-side
and supply-side resources to meet forecast demand.
Demand-side management (DSM) impacts and inter-
ruptible loads are netted from the demand projection
and supply-side resources are added as necessary to
maintain a 15 percent reserve margin. Although this
approach provides a reasonable basis for estimating
future electricity prices for planning purposes, it does
not ensure that the resource plans are least cost.

Demand-Side Resources

The current projection includes the energy and de-
mand impacts of existing or planned utility-sponsored
DSM programs.  Incremental DSM programs, which
include new programs and the expansion of existing
programs, are projected to reduce peak demand by
approximately 28 MW.

These DSM projections do not include the reductions
in peak demand due to interruptible load contracts
with large customers.  Approximately 840 MW of large
load is classified as interruptible in this forecast, about
200 MW less than in the 2001 forecast.

Figure 1-2.  Indiana Peak Demand Requirements in MW
(Historical, Current and Previous SUFG Base Forecasts)

Actual
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Supply-Side Resources

SUFG’s base resource plan includes all currently
planned capacity changes. Planned capacity changes
include: certified, rate base eligible generation addi-
tions, retirements, deratings due to NOx control retro-
fits and net changes in firm out-of-state purchases and
sales.  SUFG does not attempt to forecast long-term
out-of-state contracts other than those currently in
place. Generic firm wholesale purchases are then
added as necessary during the forecast period to main-
tain a statewide 15 percent reserve margin.  The 15
percent reserve margin is a “rule-of-thumb” that re-
flects recent national average reserve margins. Due to
diversity in demand between utilities, a statewide 15
percent reserve margin occurs when individual util-
ity reserve margins are roughly 11 percent.

Resource Needs
Figure 1-3 and Table 1-2 show the statewide resource

plan for the SUFG base scenario. Over the first half of
the forecast period, about 3,700 MW of additional re-
sources are required.  The net change in generation
includes the retirement of units as reported in the utili-
ties’ 2001 Integrated Resource Plan (IRP) filings.  Over
the second half of the forecast period, an additional
6,000 MW of resources are required to maintain target
reserves.

Equilibrium Price and Energy Impact

SUFG’s base scenario equilibrium real electricity
price trajectory is shown in cents per kilowatthour
(kWh) in Figure 1-4.  Real prices are projected to re-
main steady for the first half of the forecast period and
then slowly fall through the remainder of the forecast.

Figure 1-3.  Indiana Total Demand and Supply in MW (SUFG Base)
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Since the change in prices over the forecast horizon is
relatively small, price  has little impact on the electric-
ity requirements projection for this forecast.

SUFG’s equilibrium price projections for two previ-
ous forecasts are also shown in Figure 1-4.  The price
projection labeled “2001” is the base from SUFG’s 2001
forecast and the price projections labeled “1999” is the
base case projection contained in SUFG’s 1999 fore-
cast.  For the prior price forecasts, SUFG rescaled the
original price projections to 2001 dollars (from 1996
dollars for the 1999 projection, and from 1999 dollars
for the 2001 projections) using the personal consump-
tion deflator from the CEMR macroeconomic projec-
tions.

One major factor produces the differences among
the price projections in Figure 1-4; namely, the capital

cost assumptions for new generation equipment.  Other
factors such as energy and demand growth as well as
fossil fuel price assumptions, especially coal, also in-
fluence the trajectory of future prices.

Low and High Scenarios
SUFG has constructed alternative, low and high

growth scenarios.  These low probability scenarios are
used to indicate the forecast range, or dispersion of
possible future trajectories.  Figure 1-5 provides the
statewide electricity requirements for the base, low and
high scenarios.  As shown in the figure, the annual
growth rates for the low and high scenarios are about
0.90 percent lower and higher than the base scenario
respectively.  These differences are due to economic
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growth assumptions in the scenario-based projections.
The trajectories for peak demand in the low and high
scenarios are similar to the electricity requirements
trajectories.

Issues of Interest to Policymarkers
Three issues of interest to policymakers are briefly

addressed here.  See Chapter 8 for more detailed dis-
cussions of these issues.

The Slowing Economy

Recent observations indicate that the current eco-
nomic slowdown has had a greater effect on electric-
ity requirements than on peak demand.  This
phenomenon occurs because the state’s economy tends
to be driven largely by the industrial sector, which is

the single largest component of Indiana’s electricity
consumption.  On the other hand, peak demand is
driven largely by the residential sector, which has been
much less affected by the economy.  This issue is im-
portant since the need for new capacity is a function
of peak demand.

Competition between Coal and Natural Gas

As Indiana enters a period when new base load ca-
pacity will be needed, the question of whether to use
coal or natural gas for that capacity is a natural one.
The decision to build coal-fired or natural gas-fired
capacity is driven by three factors: the purchase and
installation costs of the unit, the cost to operate the
unit after it is built and the expected number of hours
of operation during each year.  Assuming the price of

Figure 1-5.  Indiana Electricity Requirements by Scenario in GWh
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coal is 1 $/million British thermal unit (mmBtu) and
the price of natural gas is 4 $/mmBtu, which are close
to the present prices, a coal-fired unit would have to
operate about 70 percent of the time or more to be eco-
nomically competitive with a natural gas-fired unit.
If the natural gas prices fell below 3.2 $/mmBtu, the
coal-fired unit could not compete even if operated all
the time.  If natural gas prices rose to 5 $/mmBtu, the
coal-fired unit can compete if operated more then half
the time.

Recent Trends in New Generation
Construction

The wholesale price spikes that occurred in the Mid-
west in 1998 and 1999 spurred a rush in new genera-
tion plans as companies attempted to cash in on the

high prices.  A combination of increased capacity and
milder summer weather has prevented the price spikes
from recurring in the past three years.  This has re-
sulted in a slowing of new plant announcements and
some delays and cancellations of previously an-
nounced plants.  Figure 1-6 shows how the large
amount of new proposed capacity in 1999 and 2000
has tailed off in the years thereafter.  The figure also
shows the recent increase in cancellations and delays.

The values in Figure 1-6 are derived from a data-
base of new plants that SUFG developed in 1998.  The
database is updated periodically based on informa-
tion in trade press articles and correspondence with
plant developers and state regulators.

Figure 1-6.  Incremental Changes in Proposed Capacity in Indiana by
Year

*As of March 2003
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OVERVIEW OF SUFG ELECTRICITY MODELING SYSTEMS
CHAPTER 2

Regulated Modeling System
SUFG’s integrated electricity modeling system

projects electricity demand, supply and price for each
electric utility in the state assuming continued regula-
tion.  The modeling system captures the dynamic in-
teractions between customer demand, the utility’s
operating and investment decisions, and customer
rates by cycling through the various submodels until
an equilibrium is attained.  The SUFG modeling sys-
tem is unique among utility forecasting and planning
models because of its comprehensive and integrated
characteristics.  The basic system components
(submodels) and their principal linkages are illustrated
in Figure 2-1 and then briefly described.

Energy Submodel

SUFG has developed and acquired both economet-
ric and end-use models to project energy use for each
major customer group.  These models use fuel prices
and economic drivers to simulate growth in energy use.
The end-use models provide detailed projections of
end-use saturations, building shell choices and equip-
ment choices (fuel type, efficiency and rate of utiliza-
tion).  The econometric models capture the same effects
but in a more aggregate way.  These models use statis-
tical relationships estimated from historical data on fuel
prices and economic activity variables.

Scenarios

Fossil
Fuel

Prices

Statewide
Supply

Additions

Utility 
Supply 

Additions

Electric Utility Simulation Supply-Side
Resources

Figure 2-1.  SUFG's Regulated Modeling System
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Load Management Strategy Testing Submodel

Developed by Electric Power Software, the Load
Management Strategy Testing Model (LMSTM) is an
electric utility system simulation model that integrates
four submodels:  demand, supply, finance and rates.
Combined in this way, LMSTM simulates the interac-
tion of customer demand, system generation, total rev-
enue requirements and customer rates.  LMSTM also
preserves chronological load shape information
throughout the simulation to capture time dependen-
cies between customer demand (including DSM), and
system operations and customer rates.

LMSTM is used to model the five investor-owned
utilities (IOUs):  Indiana Michigan Power Company
(I&M), Indianapolis Power & Light Company (IPL),
Northern Indiana Public Service Company (NIPSCO),
PSI Energy, Inc. (PSI Energy) and Southern Indiana
Gas & Electric Company (SIGECO).  In addition,
LMSTM is used for the three not-for-profit (NFP) utili-
ties: Hoosier Energy Rural Electric Cooperative, Inc.
(HEREC), Indiana Municipal Power Agency (IMPA)
and Wabash Valley Power Association (WVPA).

Price Iteration

The energy modeling system cycles through five in-
tegrated submodels: energy, demand, supply, finance
and rates.  During each cycle, price changes in the
model cause customers to adjust their consumption of
electricity, which in turn affects system demand, which
in turn affects the utility’s operating and investment
decisions.  These changes in demand and supply bring
forth yet another change in price and the cycle is com-
plete.  After each cycle, the modeling system compares
the “after” electricity prices from the rates submodel
to the “before” prices input to the energy consump-
tion models.  If these prices match, they are termed
equilibrium prices in the sense that they balance de-
mand and supply, and the iteration ends.  Otherwise,
the modeling system continues to cycle through the
submodels until an equilibrium is attained as is illus-
trated in Figure 2-2.

Supply-Side Resources

SUFG determines required resources according to a
target statewide 15 percent reserve margin, but allo-
cates those resources to three types (peaking, cycling
and baseload) according to individual utility needs.
This process is illustrated in the flowchart shown in
Figure 2-3.

Individual utility peak demands developed from
LMSTM are aggregated while accounting for load di-
versity and interruptible loads to determine the state-
wide peak demand for each year of the forecast.  Load
diversity occurs because the peak demands for all utili-
ties do not occur at the same time.  The additional re-
sources required are determined for each year by
comparing the peak demand with a 15 percent reserve
margin to the existing capacity.  The existing capacity
has been adjusted for retirements, utility purchases and
sales, and new construction that has been approved
by the Indiana Utility Regulatory Commission (IURC).

The required resources are then assigned to the in-
dividual utilities with the lowest reserve margins, so
that all utilities have similar reserve margins.  These
utility specific additional resource requirements are
then assigned to one of the three types.  This is accom-
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Figure 2-2.  Cost-Price-Demand Feedback
Loop
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equilibrium is reached where resource requirements
do not change from one iteration to the next.

Uncertainty

As stated above, SUFG’s electricity projections are
conditional on assumptions,  such as economic growth,
construction costs and fossil fuel prices.  These assump-

Figure 2-3.  Resource Requirements Flowchart

Individual Utility Peak
Demands from LMSTM

Statewide Additional
Resource Requirements

Statewide Peak
Demand

.       .       .       .       .       .       .       .

Utility Specific Additional
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Statewide Additional Resource
Requirements by Type

Done

Return to LMSTM

Equilibrium?

plished by comparing the utility's demand, which is
divided into the three types using actual historical
annual loadshapes, to the utility's existing generation
resources, which are also assigned to the three types.

The statewide resource requirements by type are
determined by summing the individual utility require-
ments.  The overall process is done iteratively until an
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tions are a principal source of uncertainty in any en-
ergy forecast.  Another major source of uncertainty is
the statistical error inherent in the structure of any fore-
casting model.  To provide an indication of the impor-
tance of these sources of uncertainty, scenario-based
projections are developed by operating the modeling
system under varying sets of assumptions.  These low
probability, low and high scenarios capture much of
the uncertainty associated with economic growth, fos-
sil fuel prices and statistical error in the model struc-
ture.

Chronology
This is the ninth forecast SUFG has prepared.  Pre-

vious forecasts were published in 1987, 1988, 1990,
1993, 1995, 1996, 1999 and 2001.   In addition to these
statewide forecasts, SUFG prepared forecasts of Indi-
ana utility service area growth for the IURC's use in
four  Certificate of Need cases.  Tables 2-1 through 2-4
present the chronology of enhancements and exten-
sions of the SUFG electricity modeling system.  Table
2-5 provides a list of software acronyms, along with a
brief description of each.

Presentation and Interpretation of
Forecast Results

There are several methods for presenting the vari-
ous projections associated with the forecast.  The ac-

tual projected value for each individual year can be
provided or a graph of the trajectory of those values
over time can be used.  Additionally, average com-
pound growth rates can be provided.  There are ad-
vantages and disadvantages associated with each
method.  For instance, while the actual values provide
a great deal of detail, it can be difficult to visualize
how rapidly the values change over time.  While
growth rates provide a simple measure of how much
things change from the beginning of the period to the
end, they mask anything that occurs in the middle.  For
these reasons, SUFG generally uses all three methods
for presenting the major forecast projections.

This forecast report marks a slight change in the way
that growth rates are presented.  In past reports, growth
rates were calculated from the last year of actual data
that was available to the last year of the forecast.  This
possibly could lead to misleading results if the last year
of actual data was very different from normal.  One
example of this might be if the last actual year had an
unusually hot summer, resulting in exceptionally high
peak demand.  By going from the actual observation
to a projected value, which assumes normal weather,
the growth rate would be skewed too low.  Therefore,
SUFG calculates growth rates for projections from the
first forecast year to the last.  As in previous forecasts,
the period of time over which the growth rate is calcu-
lated is provided.
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1985  •SUFG Established

1987  •Econometric Models
    --SUFG Residential (Five IOUs)
    --SUFG Commercial (Statewide)
    --Cornel Industrial (Statewide End-Use Models)
    --Commercial Energy Demand Modeling System
       (CEDMS:  Statewide)
    --Residential Electric End-Use Energy Modeling System
       (REEMS:  Statewide)
  •Peak Load
    --Load Factor

1988  •Load Shape - Hourly Electric Load Model (HELM)
  •Forecasting Capability for NFPs Added
  •Industrial End-Use Planning Methodology (INDEPTH)
     Industrial Econometric Model

1991  •Movement to More Utility-Specific Modeling Begun
  •Load Shape - Load Management Strategy Testing Model
      (LMSTM) Demand Submodel

1993  •Utility-Specific Modeling
    --INDEPTH (IOUs)
    --CEDMS (IOUs)
    --Housing (All)
  •Updated Residential and Commercial Econometric
      Elasticity Models for NFPs

1994  •Iron & Steel Industry Modeled

1995  •Iron & Steel Industry Model Updated
  •Aluminum Industry Modeled
  •Foundries Industry Modeled
  •Transportation Industry Modeled
  •Motor Model Developed

1996  •Residential Econometric Models Updated
  •Commercial End-Use Model Recalibrated

2000  •NOx Control Retrofits Modeled

2001  •Wholesale Market Generic Purchases Modeled

Table 2-1.  Chronology of Regulated Modeling Enhancements
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1987

1991

1993

1994

1998

2001 

Table 2-2.  Chronology of Supply, Finance
and Rates Enhancements

•Total Electric Planning Model
    (TELPLAN:  IOUs)

•Load Management Strategy Testing 
    Model (LMSTM:  IOUs)

•LMSTM (NFPs)

•Integrated Resource Planning (IRP)
    Manager

•SEPRIL Report, "Plant Design, 
    Performance, and Cost Comparison
    Study"

•Inclusion of Wholesale Market Generic
    Purchases

1990

1991

1993

1994

Table 2-3.  Chronology of Demand-Side
Management Enhancements

•Conservation Potential and Acid
    Rain Studies

•DSIMPACT
•Modeled IOU DSM

•Explicit Modeling of Utility DSM
    Programs DSManager

•Technology-Based End-Use Energy
    Modeling System (TEEMS)

1987

1988

1989

1990

1991

1992

1993

1994

1996

1998

1999

2000

2001

2002

2003

Table 2-4.  Chronology of Model Applications

•SUFG 1987 Forecast

•SUFG 1988 Forecast
•SUFG Acid Rain Studies

•Indiana State Agency Workgroup Acid Rain Studies

•SUFG 1990 Forecast
•ISAW Acid Rain Studies

•PSI Energy Certificate of Need Combustion Turbine (CT)

•IPL Certificate of Need (CT)
•PSI Energy Certificate of Need (Destec)

•SUFG 1993 Forecast

•SUFG 1994 Forecast
•Quarterly Update (4) of 1993

•SUFG 1996 Forecast

•SUFG Interim Report on Competitive Restructuring

•SUFG 1999 Forecast

•NOx Impact Study

•SUFG 2001 Forecast

•SUFG 2002 Forecast Update
•PSI Certificate of Need (CTs)

•SUFG 2003 Forecast
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CEDMS - Commercial Energy Demand Modeling System.   Off-shoot of TVA end-use
  model, supported and enhanced by Jerry Jackson and Associates

CPLEX - A mathematical optimizer for linear and integer programming problems

DSIMPACT - A detailed DSM evaluation model developed for SUFG by Ed Frye to link
  SUFG's energy models to DSM program evaluation

DSManager - Demand-Side Manager.  An EPRI sponsored DSM screening model supported
  by Electric Power Software

GAMS  General Algebraic Modeling System.  This computer platform has higher order
  computer programming languages that are designed to interface with other
  mathematical solvers, such as CPLEX

HELM  - Hourly Electric Load Model.  Builds up end use (or more aggregate) load using
  8760 hourly loads per year.  Developed with EPRI sponsorship

INDEPTH - Methodology for forecasting and shaping industrial electricity use at the
  service area level.

IRP-Manager - Integrated Resource Planning Manager.  A detailed planning model which
  simultaneously evaluates DSM programs and supply-side resources under
  uncertainty.  Developed and support by Electric Power Software

ISAW  Indiana State Agency Workgroup.  An interagency workgroup which analyzed
  compliance strategies for several clean air proposals

LMSTM - Load Management Strategy Testing Model.  A detailed dispatch, finance, rates
  and environmental analysis model with explicit treatment of DSM.  Supported
  by Electric Power Software

REEMs - Residential Electric End-Use Energy Modeling System.  Off-shoot of TVA end-
  use model, originally supported by Dennis O'Neal of Texas A&M

TEEMs - Technology-Based End-Use Energy Modeling System jointly developed by
  SUFG and EPS.  TEEMS integrates the functions of end-use forecasting and
  DSM resource forecasting into a single modeling framework with a common
  database

TELPLAN - Total Electric Planning Model.  This model includes dispatch, finance and
  environmental analysis capabilities.  EPRI sponsored in early 1980s

Table 2-5.  Acronyms and Definitions
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CHAPTER 3

INDIANA PROJECTIONS OF ELECTRICITY REQUIREMENTS,
PEAK DEMAND, RESOURCE NEEDS AND PRICES

Introduction
This chapter presents the forecast of future electric-

ity requirements and peak demand.  It also includes
the associated new resource requirements and price
implications. This report includes three scenarios of
future electricity demand and supply: base, low and
high.  The base scenario is developed from a set of
exogenous assumptions that is considered “most
likely,” i.e., each assumption has an equal probability
of being lower or higher.  Additionally, SUFG devel-
oped low and high growth scenarios based on plau-
sible sets of exogenous assumptions that have a lower
probability of occurrence. These scenarios are designed
to indicate a plausible forecast range, or degree of un-
certainty underlying the base projection.  The most
probable projection is presented first.

Most Probable Forecast
As shown in Figures 3-1 and 3-2, SUFG’s current

base scenario projection indicates annual growth of
electricity requirements and peak demand of 2.16 and
2.07 percent, respectively.  The shaded numbers in the
tables and the heavy line in the graphs indicate his-
torical values.

As shown in Table 3-1, the growth rate for electric-
ity sales in this forecast is higher than in the 2001 fore-
cast.  The higher growth rate is caused primarily by a

higher growth rate in the industrial sector, with small
changes in the growth rates for electricity sales in the
residential and commercial sectors.

In this instance, a comparison of growth rates for elec-
tricity requirements between the current and previous
forecast can be misleading.  Despite the higher growth
rate, the trajectory for electricity requirements in this
forecast actually lies below the one for the 2001 fore-
cast.  This is caused by the relative lack of growth in
actual sales between 1999 and 2001.  Therefore, as the
two trajectories converge near the end of the forecast,
the current forecast exhibits a higher growth rate.  The
industrial electricity sales projections in the two fore-
casts exhibit the same phenomenon (see Table 1-1).  The
electricity sales projections for the residential sector
and commercial sector are closer to the 2001 projec-
tions.

The growth in peak demand is slightly higher than
that projected in 2001.  Another measure of peak de-
mand growth can be obtained by considering the av-
erage year to year MW load change.  In Figure 3-2, the
annual increase is 420 MW compared to about 360 MW
per year in the previous forecast.

Resource Implications
SUFG’s resource plans include both demand-side

and supply-side resources to meet forecast demand.
DSM impacts and interruptible load are netted from
the demand projection and supply-side resources are
added as necessary to maintain a 15 percent reserve
margin. Although this approach provides a reasonable
basis for estimating future electricity prices for plan-
ning purposes, it does not ensure that the resource
plans are least cost.

Demand-Side Resources

The current projection includes the energy and de-
mand impacts of existing or planned utility-sponsored
DSM programs.  Incremental DSM programs, which
include new programs and the expansion of existing

Table 3-1.  Annual Electricity Sales Growth
(%) By Sector (Current vs. 2001 Projections)

Residential

Commercial

Industrial

Total

1.95

2.71

1.97

2.16

2.02

2.57

1.32

1.87

Current
(2002-2021)

2001
(2000-2019)

Electricity Sales Growth

Sector
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programs, are projected to reduce peak demand by
approximately 10 MW.

These DSM projections, which include new pro-
grams and the expansion of existing programs, do not
include the reductions in peak demand due to inter-
ruptible load contracts with large customers. Approxi-
mately 840 MW of large load is classified as
interruptible in this forecast,  about 200 MW less than
in the 2001 forecast.

Supply-Side Resources

SUFG’s base resource plan includes all currently
planned capacity changes. Planned capacity changes
include: certified, rate base eligible generation addi-
tions, retirements, deratings due to nitrogen oxides
(NOx) control retrofits and net changes in firm out-of-
state purchases and sales.  SUFG does not attempt to
forecast long-term out-of-state contracts other than
those currently in place. Generic firm wholesale pur-
chases are then added at prices that reflect SUFG esti-
mates of long-run average costs for these purchases as
necessary during the forecast period to maintain a
statewide 15 percent reserve margin.  The 15 percent
reserve margin is a “rule-of-thumb” that reflects re-
cent national average reserve margins. Due to diver-
sity in demand between utilities, a statewide 15 percent
reserve margin occurs when individual utility reserve
margins are roughly 11 percent.

Three types of generic firm wholesale purchases are
included:

1. peaking purchases;

2. cycling purchases;  and

3. coal-fired baseload purchases.

Based on projections of fuel and equipment costs and
likely capacity factors for these units, SUFG would
expect peaking units to be gas-fired combustion tur-
bines (CT), cycling units to be gas-fired combined cycle
(CC) plants, and baseload units to be pulverized coal
(PC) plants meeting SO2 and NOx environmental re-
quirements.  Purchase price projections for each of

these purchase types are set to recover the long-run
cost of generating electricity from each unit.

Table 3-2 and Figure 3-3 show the statewide resource
plan for the SUFG base scenario.  Over the first half of
the forecast period, about 3,700 MW of resource addi-
tions are required, with about half being of the base
load variety.  The net change in generation includes
the retirement of units as reported in the utilities’ 2001
IRP filings, changes in firm purchases and sales, and
the addition of approved new capacity.  Over the sec-
ond half of the forecast period, an additional 6,000 MW
of resources are required to maintain target reserves.

Previous forecasts have identified early resource
needs  of the peaking type.  The recent addition of peak-
ing generators to the statewide generation mix has re-
duced that need.  While some additional peaking
capacity will be needed in the future, this is the first
SUFG forecast that identifies a substantial need for ad-
ditional base load resources in the first few years (e.g.,
over 1,000 MW by 2008).  The timing of the need for
additional baseload resources is consistent with pre-
vious forecasts.  Since this report comes two years af-
ter the 2001 forecast, the need is more immediate.  This
forecast also identifies a need for additional cycling
resources in the short term.

While SUFG identifies resources needs in its fore-
casts, it does not advocate any specific means of meet-
ing them.  Required resources could be met through
conservation measures, purchases from merchant gen-
erators or other utilities, construction of new facilities
or some combination thereof.  The best method for
meeting resource requirements may vary from one
utility to another.

Equilibrium Price and Energy Impact
The SUFG modeling system is designed to forecast

an equilibrium price that balances electricity supply
and demand. This is accomplished through the cost-
price-demand feedback loop. The impact of this fea-
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ture on the forecast of electricity requirements can be
significant.

SUFG’s base scenario equilibrium real electricity
price trajectory is shown in Figure 3-4. Real prices are
projected to remain steady for the first half of the fore-
cast period and then slowly fall through the remain-
der of the forecast.  Since the change in prices over the
forecast horizon is small, price has little impact on the
electricity requirements projection for this forecast.

SUFG’s equilibrium price projections for two previ-
ous forecasts are also shown in Figure 3-4.  The price
projection labeled “1999” is the base case projection
contained in SUFG’s 1999 forecast and the one labeled
“2001” is the base case projections from SUFG’s 2001
report.  For the prior price forecasts, SUFG rescaled
the original price projections to 2001 dollars (from 1996
dollars for the 1999 projection, and from 1999 dollars

for the 2001 projections) using the personal consump-
tion deflator from the CEMR macroeconomic projections.

Two major factors primarily determine the differ-
ences among the price projections in Figure 3-4;
namely, the capital cost assumptions for new genera-
tion equipment and the cost of controlling emissions
from coal-fired generation facilities. Other factors such
as energy and demand growth as well as fossil fuel
price assumptions, especially coal,  also influence the
trajectory of future prices.  More detail regarding the
assumptions and procedures used in SUFG’s 1999 and
2001 price forecasts may be found in previous SUFG
reports.

SUFG’s projected generation additions are deter-
mined from a statewide as well as individual utility
perspective. Thus, SUFG’s integrated electricity mod-
eling system develops a base resource plan and elec-
tricity price projections for each utility.

Figure 3-3.  Indiana Resource Plan (SUFG Base)
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Low and High Scenarios
SUFG has constructed alternative, low and high

growth scenarios.  These low probability scenarios are
used to indicate the forecast range, or dispersion of
possible future trajectories. Figures 3-5 and 3-6 pro-
vide the statewide electricity requirements and peak
demand projections for the base, low and high sce-
narios. As shown in those figures, the annual growth
rates for the low and high scenarios are about 0.90 per-
cent lower and 0.90 percent higher than the base sce-
nario for both energy requirements and peak demand.
These differences are due to economic growth assump-
tions in the scenario-based projections.

Resource and Price Implications Of Low and
High Scenarios

Resource plans are developed for the low and high
scenarios using the same methodology as the base plan.

Demand-side resources, including interruptible loads,
are the same in all three scenarios, as are retirements.
Table 3-3 shows the statewide supply-side additions
for each scenario. Approximately 15,000 MW over the
horizon are required in the high scenario compared to
less than 5,000 MW in the low scenario. By the end of
the forecast period, electricity prices in the high case
are 7 percent higher than in the base case. This is be-
cause nearly 5,300 MW of additional wholesale pur-
chases are acquired relative to the base scenario.  Prices
in the low scenario are only about 5 percent lower than
the base scenario despite significantly fewer resource
additions. This is caused by the lack of sales growth,
which in addition to delaying the need for resource
additions, results in allocation of fixed costs of exist-
ing generation resources and firm purchases to fewer
kWh.
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MAJOR FORECAST INPUTS AND ASSUMPTIONS
CHAPTER 4

Introduction
The models SUFG utilizes to project electric energy

sales, peak demand and prices require external, or
exogenous, assumptions for several key inputs.  Some
of these input assumptions pertain to the level of eco-
nomic activity, population growth and age composi-
tion for Indiana.  Other assumptions include fossil fuel
prices, which are used to generate electricity and com-
pete with electricity to provide end-use service.  Also
included are estimates of the energy and peak demand
reductions due to utility load management programs.

This section describes SUFG’s scenarios, presents the
major input assumptions and provides a brief expla-
nation of forecast uncertainty.

Macroeconomic Scenarios
The assumptions related to macroeconomic activity

determine, to a large degree, the essence of SUFG’s
forecasts.  These assumptions determine the level of
various activities such as personal income, employ-
ment and manufacturing output, which in turn di-
rectly influence electricity consumption.  Due to the
importance of these assumptions and to illustrate fore-
cast uncertainty, SUFG used alternative projections or
scenarios of macroeconomic activity provided by
CEMR.

• The base scenario is intended to represent
the electricity forecast that is “most likely”
and has an equal probability of being high
or low.

• The low scenario is intended to represent a
plausible lower bound on the electricity
sales forecast and has a low probability
of occurrence.

• The high scenario is intended to represent
a plausible upper bound on the electric-
ity sales forecast and also has a low prob-
ability of occurrence.

These scenarios are developed by varying the major
forecast assumptions, i.e., Indiana’s share of the na-
tional economy.

Economic Activity Projections
National and state economic projections are pro-

duced by the CEMR twice each year. For this forecast,
SUFG adopted CEMR’s August 2002 economic pro-
jections as its base scenario. CEMR also produced high
and low growth alternatives to the base projection for
SUFG’s use in its high and low scenarios.

CEMR developed these projections from its U.S. and
Indiana macroeconomic models. The Indiana economic
forecast is generated in two stages. First, a set of exog-
enous assumptions affecting the national economy are
developed by CEMR and input to its model of the U.S.
economy. Second, the national economic projections
from this model are input to the Indiana model that
translates the national projections into projections of
the Indiana economy.

The CEMR model of the U.S. economy is a large scale
quarterly econometric model. Successive versions of
the model have been used for more than 15 years to
generate short-term forecasts. The model has a detailed
aggregate demand sector that determines output. It
also has a fully specified labor market submodel. Out-
put determines employment, which then affects the
availability of labor.  Labor market tightness helps de-
termine wage rates, which, along with employment,
interest rates and several other variables determine per-
sonal income.  Fiscal policy variables, such as spend-
ing levels and tax rates, interact with income to
determine federal, state and local budgets. Monetary
policy variables interact with output and price vari-
ables to determine interest rates.

A major input to CEMR’s Indiana model is a projec-
tion of total U.S. employment, which is derived from
CEMR’s model of the U.S. economy.
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The Indiana model has four main modules. The first
disaggregates total U.S. employment into 19 manufac-
turing and 11 non-manufacturing sectors. The second
module then projects the share of each industry in In-
diana. Additional relationships are used to project av-
erage weekly hours and average hourly earnings by
industry.  These are used with employment to calcu-
late a total wage bill. The third module projects the
remaining components of personal income. In the
fourth module, labor productivity combined with
employment projections is used to calculate real Gross
State Product (GSP), or output, by industry.

The main exogenous assumptions in the national
projections used in the CEMR forecast are:

• Federal tax rates and grants to state and
local governments will increase slightly,
but transfer payments show strong
growth especially in the last half of the
forecast period.  As a result, the federal
budget maintains a modest deficit through
most of the forecast horizon, but the defi-
cit increases as transfer payments increase
at the end of the forecast horizon.

• Imports continue to exceed exports, but
at a slowing rate (measured in dollars),
which leads to a continued, but narrow-
ing negative net trade balance.

As a result of these assumptions, real Gross Domes-
tic Product (GDP) for the U.S. economy is projected to
grow at an average annual rate of 3.19 percent and
U.S. employment growth averages 0.98 percent over
the 2002 to 2021 period.

In Indiana, total employment is projected to grow at
an average annual rate of 1.24 percent. The key eco-
nomic projections are:

• Real personal income (the residential sec-
tor model driver) is expected to grow at a
2.36 percent annual rate.

• Non-manufacturing employment (the
commercial sector model driver) is ex-
pected to average a 1.79 percent annual
growth rate over the forecast horizon.

• Despite the continued decline of manufac-
turing employment, manufacturing GSP
(the industrial sector model driver) is ex-
pected to rise at a 1.50 percent annual rate
as gains in productivity offset declines in
employment.

CEMR's macroeconomic projections reflect a con-
tinuation of the economic slowdown for the first few
years of the forecast.  Real Indiana personal income
growth is sluggish at 1.67 percent per year through
2007 compared to 2.36 percent per year for the entire
forecast horizon.   Indiana non-manufacturing employ-
ment actually grows slightly faster in the first few years
of the forecast, but Indiana total employment growth
remains constant at about 1.25 percent per year as In-
diana manufacturing employment declines.  Manufac-
turing output (real GSP) grows at an annual rate of
1.33 percent early in the forecast compared to 1.50 per-
cent per year over the entire forecast horizon.  Indiana
manufacturing output for 2003 is projected to be
roughly the same as that for 2001 and 2002, but output
levels similar to that of 2000 are not projected until
2007.

A summary comparison of CEMR’s projections used
in SUFG’s previous and current electricity projections
and historical growth rates for recent historical peri-
ods is provided in Table 4-1.

To capture some of the uncertainty in energy fore-
casting, CEMR provided a low and high growth alter-
native to its base economic projection. In effect, the
alternatives describe a situation in which Indiana ei-
ther loses or gains shares of national industries com-
pared to the base projection. In the high growth
alternative, the Indiana average growth rate of per-
sonal income is increased by 1.15 percent per year (to
3.51), non-manufacturing employment growth in-
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creases almost 0.75 percent (to 2.53) while Indiana real
manufacturing GSP growth is raised more than 1.05
percent to 2.58.  In the low growth alternative, the av-
erage rates of real personal income, non-manufactur-
ing employment and real manufacturing GSP are
reduced by similar amounts (to 1.91, 0.94 and 0.16 re-
spectively.)

Demographic Projections
Household projections are a major input to the resi-

dential energy forecasting model. The SUFG forecast-
ing system includes a housing model which utilizes
population and income assumptions to project house-
holds or customers.

The population projections utilized in SUFG’s elec-
tricity forecasts were obtained from the Indiana Busi-
ness Research Center at Indiana University (IBRC).
The IBRC population growth forecast for Indiana is
0.25 percent a year. This projection was developed in
1993 and includes projections of county population by
age group. SUFG also reviewed a second set of popu-
lation projections, developed in the early 1990s by the
Family Research Center, Department of Sociology at
Indiana University-Purdue University, Indianapolis
(IUPUI). Both studies project population to grow less
rapidly in Indiana than for the nation. Population pro-
jection increases are marginally higher in the IBRC fore-
cast.

Population growth is low during the projection pe-
riod because the age distribution in Indiana is skewed
from young adults of childbearing age to older adults
with higher mortality rates. Fertility rates in the state
have been below replacement level since the mid-1970s
and are projected to decline even further because of
the net out migration of young adults during the 1980s.
As birthrates drop and the existing population grows
older, deaths exceed births and the state’s population
begins to naturally decrease by about 2020 given that
the trend continues.

Indiana population growth has slowed markedly in
recent years.  The number of people over age 35 (the
groups with fewer occupants per household) is pro-
jected to grow more rapidly than the total population.
Thus, household formations are expected to grow more
rapidly than total population.

The historical growth of household formations (num-
ber of residential customers) has slowed down signifi-
cantly from slightly over 2 percent during the late 1960s
and early 1970s to about 1 percent currently. The IBRC
population projection, in combination with the CEMR
projection of real personal income, yields an average
annual growth in households of about 0.70 percent
over the forecast period.

Fossil Fuel Price Projections
The price of fossil fuels such as coal, natural gas and

oil affects electricity demand in separate and opposite
ways. To the extent that any of these fuels are used to
generate electricity, they are a determinant of average
electricity prices. Electricity generation in Indiana is
currently fueled almost entirely by coal. Thus, when
coal prices increase, electricity prices in Indiana rise
and electricity demand falls, all else being equal. On
the other hand, fossil fuels compete directly with elec-
tricity to provide end-use services, i.e., space and wa-
ter heating, process use, etc. When prices for these fuels
increase, electricity becomes relatively more attractive
and electricity demand tends to rise, all else being
equal. As fossil fuel prices increase, the impacts on elec-
tricity demand are somewhat offsetting. The net im-
pact of these opposite forces depends on their impact
on utility costs, the responsiveness of customer de-
mand to electricity price changes and the availability
and competitiveness of fossil fuels in the end-use ser-
vices markets. The SUFG modeling system is designed
to simulate each of these effects as well as the dynamic
interactions among all effects.

In this forecast, SUFG has used January 2003 fossil
fuel price projections from  EIA for the East North Cen-
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tral Region of the U.S.  All SUFG projections are in
terms of real prices (2001 dollars), i.e., projections with
the effects of inflation removed.  The general patterns
of the fossil fuel price projections are that:

• Coal prices will decline slightly in real
terms throughout the entire forecast hori-
zon.

• Gas price projections for all customers
decrease slightly through 2006 and in-
crease moderately over the remainder of
the forecast horizon.

• Distillate prices exhibit a pattern similar
to natural gas over the entire forecast ho-
rizon, with a more pronounced decline
early in the horizon and a stronger in-
crease in the last three-fourths of this ho-
rizon.

The pattern of fossil fuel price projections is pre-
sented as growth rates in Table 4-2 for selected peri-
ods.

Demand-Side Management and
Interruptible Loads

Demand-side management (DSM) refers to a vari-
ety of utility-sponsored programs designed to influ-
ence customer electricity usage in ways that produce
desired changes in the utility's loadshape, i.e., changes
in the time pattern or magnitude of a utility's load.
These programs include energy conservation programs
that reduce overall consumption and load shifting pro-
grams that move demand to a time when overall sys-
tem demand is lower.

Incremental DSM, which includes new programs
and the expansion of existing programs, require ad-

1980-1985 1985-1990 1990-1995 1995-2000 2000-2019 2002-2021
                         United States

Real Personal Income

Total Employment

Real Gross Domestic Product

Personal Consumer Expenditure Deflator

                           Indiana

Real Personal Income

Employment:

    Total

    Manufacturing

    Non-Manufacturing

Real Gross State Product

    Total

    Manufacturing

    Non-Manufacturing

3.30 

1.50 

3.13 

5.14 

1.47 

0.22 

-1.49 

1.17 

6.65 

5.84 

7.04 

2.95 

2.36 

3.25 

3.79 

2.50 

2.84 

0.91 

3.82 

6.17 

4.76 

6.81 

2.04 

1.38 

2.38 

2.77 

2.48 

1.91 

1.40 

2.20 

5.83 

7.95 

4.86 

4.08 

2.37 

4.35 

1.87 

3.37 

1.22 

0.07 

1.97 

4.78 

4.68 

4.84 

3.22

0.96

3.45

2.70

2.62

1.17

-0.80

1.72

1.60

1.41

1.68

Short-Run History for Selected
Recent Periods

Long-Run Forecast
Feb. 2001 Aug. 2002

Sources:  SUFG Forecast Modeling System and various CEMR "Long-Range Outlooks."

Table 4-1.  Growth Rates for Current and Past CEMR Projections of Selected
Economic Activity Measures (%)

3.04 

0.98 

3.19 

2.28 

2.36 

1.24 

-1.17 

1.79 

2.14 

1.50 

2.41 
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justments to be made in the forecast.  These adjust-
ments are made by changing the utility's demand by
the appropriate level of energy and peak demand for
the DSM program.  DSM programs that were in place
in 2001 are considered to be embedded in the calibra-
tion data, so no adjustments are necessary.

Interruptible loads, such as large customers who
agree to curtail a fixed amount their demand during
critical periods in exchange for more favorable rates,
are typically treated differently than traditional DSM.
Interruptible loads are subtracted from the utility's
peak demand in order to determine the amount of new
capacity required.

Table 4-3 shows the amount of embedded and in-
cremental DSM in terms of energy and peak demand
reductions, as well as the amount of interruptible load
available in Indiana.  These estimates are derived from

utility integrated resource plan (IRP) filings and from
information collected by EIA.  While estimates of in-
cremental DSM has declined dramatically in recent
years (from 900 MW in the 1996 forecast to 28 MW in
this forecast), interruptible loads have increased (from
510 MW in 1996 and 840 MW in this forecast).

The decline in incremental DSM is primarily due to
two factors.  First, as the new DSM programs of the
1990s matured, the energy and peak demand reduc-
tions became embedded in the calibration data with

2002-2006

"Decline"

2006-2021

"Trend"

2002-2021

"Horizon"

               Coal

Electric Utilities

Industrial Customers

          Natural Gas

Electric Utilities

Residential Customers

Commercial Customers

Industrial Customers

              Distillate

Electric Utilities

Residential Customers

Commercial Customers

Industrial Customers

-0.16

-0.58

0.39

-0.23

-0.42

-0.22

-3.16

-1.44

-2.96

-2.57

-0.61

-0.65

2.42

0.69

0.97

1.49

1.72

1.22

1.64

1.49

-0.51

-0.63

1.99

0.49

0.67

1.13

0.67

0.65

0.66

0.62

Source:  EIA Annual Energy Outlook, 2003 DOE/EIA-0383(2003),
January 2003 Supplement Tables.

Table 4-2.  Growth Rates for Real Fossil Fuel Price

Projections (%)

Table 4-3.  Energy and Peak Demand
Reductions

Incremental 
 DSM Interruptible

Embedded
DSM

MW

180

GWh

890

MW

28

GWh

17

MW

840
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little opportunity for additional incremental reduc-
tions.  Second, many utilities reevaluated their DSM
programs in the face of the changing structure of the
electricity industry in the late 1990s.

The interruptible load  numbers include both tradi-
tional interruptible contracts, whereby the customer
shuts off its load when certain criteria are met, and
buy through contracts, whereby the customer has the
option of shutting off the load or purchasing the power
at the wholesale price.  For both types of interruptible
load, the utility does not have to acquire additional
peak generating capacity ahead of time to meet that
load.  Therefore, interruptible and buy through loads
are subtracted from total peak demand for capacity
planning purposes.  The peak demand projections in
this report are net of both types of interruptible loads;
that is those loads have been removed from the pro-
jections.

When analyzing wholesale markets, the distinction
between interruptible and buy through loads becomes
more important.  Traditional interruptible loads may
be assumed to be absent from the system during time
of high demand and prices, while buy through loads
may still be present, with the higher prices passed di-
rectly to the customer.

Forecast Uncertainty
There are three sources of uncertainty in any energy

forecast:

1. exogenous assumptions,

2. stochastic model error, and

3. non-stochastic model error.

Projections of future electricity requirements are con-
ditional on the projections of exogenous variables. Ex-
ogenous variables are those for which values must be
assumed or projected by other models or methods out-
side the energy modeling system. These exogenous
assumptions, which include demographics, economic
activity and fossil fuel prices, are not known with cer-
tainty. Thus, they represent a major source of uncer-
tainty in any energy forecast.

Stochastic error is inherent in the structure of any
forecasting model.  Sampling error is one source of sto-
chastic error. Each set of observations (the historical
data) from which the model is estimated constitutes a
sample.  When one considers stochastic model error,
it is implicitly assumed that the model is correctly
specified and that it is using correctly measured data.
Under these assumptions the error between the esti-
mated model and the true model (which is always un-
known) has certain properties.  The expected value of
the error term is equal to zero.  However, for any ob-
servation in the sample, it may be positive or nega-
tive. The errors from a number of samples follow a
pattern, which is described as the normal probability
distribution, or bell curve. This particular normal dis-
tribution has a zero mean, and an unknown, but esti-
mable variance. The magnitude of stochastic model
error is directly related to the magnitude of the esti-
mated variance of this distribution. The greater the
variance is, the larger the error will be.

In practice, virtually all models are less than per-
fect. Non-stochastic model error results from specifi-
cation errors, measurement errors and/or use of an
inappropriate estimation method.
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Overview
SUFG uses both econometric and end-use models

of residential electricity sales. These different model-
ing approaches have specific strengths and comple-
ment each other.  The econometric model is used to
project the number of customers in two groups, those
with and those without electric space heating systems,
as well as average electricity use by each customer
groups.  The SUFG staff originally developed the
econometric model in 1987 when it was estimated from
utility specific data. Since then, it has been reestimated
three times, once in 1988 and again in 1994 and 1996.
In addition, SUFG has acquired a proprietary end-use
model, Residential End-Use Energy Modeling System
(REEMS), which blends econometric and engineering
methodologies to project energy use on a very dis-
aggregated basis. REEMS is a descendant of the first
generation of end-use models developed at Oak Ridge
National Labs (ORNL) during the late 1970s.

Although these modeling approaches are comple-

mentary, these two models forecast very differently.
Given the same set of primary inputs, the econometric
model projects nearly twice as much growth as the
end-use model. Experience has shown the economet-
ric model to be much more accurate. For this reason,
SUFG continues to rely on its econometric model to
project residential electricity sales.

A general description of the residential econometric
model follows, along with a brief historical perspective
on residential electricity consumption trends in Indiana.

Historical Perspective
The growth in residential electricity consumption

has generally reflected changes in economic activity,
i.e., real household income, real energy prices and to-
tal households. Each of four recent periods has been
characterized by distinctly different trends in these
market factors and in each case, residential electricity
sales growth has reflected the change in market con-
ditions.  Since 1999 economic activity has slowed dra-

matically with a resultant decline in electric energy
sales growth (see Figure 5-1).

The explosion in residential electricity sales (nearly
9 percent per year) during the decade prior to the Or-

ganization of Petroleum Exporting Countries (OPEC)
oil embargo in 1974 coincided with the economic
stimuli of falling prices (nearly 6 percent per year in
real terms) and rising incomes (nearly 2 percent per
year in real terms). This period also was marked by a
boom in the housing industry as residences increased
at an average rate of 2 percent per year.

In the decade following the embargo, the growth in
residential electricity sales slowed dramatically.  Ex-
cept for some softening in electricity prices during 1979-
81, real electricity prices climbed at approximately the
same rate during the post-embargo era as they had
fallen during the pre-embargo era. This resulted in a
swing in electric prices of more than 10 percent. Growth
in real household income was a miniscule 0.5 percent,
less than one-third that seen in the previous period.
The housing market also went from boom to bust, av-
eraging only half the growth of the pre-embargo pe-
riod. This turnaround in economic conditions and
electricity prices is reflected in the dramatic decline in
the growth of residential electricity sales from nearly 9
percent per year prior to 1974, to just 2 percent per
year over the next decade.

Events turned again during the mid-1980s.  Real

household income grew at more than the pre-embargo
rate, 3.1 percent per year.  Real electricity prices de-
clined 2.0 percent per year at one third the pre-em-
bargo rate.  Households grew only at a slightly higher
rate than in the post-embargo decade, about 1.3 per-
cent per year.  Despite these more favorable market
conditions, annual sales growth increased only 0.4
percent to 2.5 percent per year.

Several market factors contributed to the small dif-
ference in sales growth between the post-embargo and
more recent period. First, and perhaps most impor-
tantly, is the difference in the availability and price of
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natural gas between the two periods. Restrictions on
new natural gas hook-ups during the post-embargo
period and supply uncertainty caused electricity to
gain market share in major end-use markets previously
dominated by natural gas, i.e., space heating and wa-
ter heating. More recently, plentiful supply and fall-
ing natural gas prices through 1999 have caused
natural gas to recapture market share. Next in impor-
tance are equipment efficiency standards and the avail-
ability of more efficient appliances. Appliance
efficiency improvement standards did not begin until
late in the post-embargo era. Lastly, appliance satura-
tions tend to grow more slowly as they approach full
market saturation and the major residential end uses
are nearing full saturation.

In the last few years (1999 to present) residential
household growth has remained at the 1.3 percent
annual rate observed over the 1984 to 1999 period, real
electric rates have continued to decline, but the growth
in both personal income and electricity consumption,
while positive, has slowed markedly.  While these more
recent observations are based on very short periods of
time, the effect of the economic slowdown appears
obvious.

Model Description
An important consideration in modeling residential

electricity sales is how best to disaggregate electricity
use. The SUFG econometric model divides residen-
tial customers into two customer groups: electric and
non-electric space heating. Sales for each customer
group are estimated by multiplying projected num-
ber of customers in each group by their estimated kWh
consumption per customer. This market segmentation
is necessary since significant differences exist in the
appliance portfolios of typical electric and non-elec-
tric space heating customers. Households with elec-
tric space heating systems tend to have much higher
saturations of electric water heating, cooking and
clothes drying, as well as central air conditioning. For
these reasons, electric space heating customers con-
sume almost twice the amount of electricity as non-
electric space heating customers. In addition to these
differences, historical consumption trends for these
two customer groups, as shown in Panels D and E of
Figure 5-2, have tended to move in opposite directions
as well. Yet another reason for dividing residential cus-
tomers into electric and non-electric space heating
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2.0
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Prior to 1974 1974 to 1984 1984 to 1999 1999  to Present
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Figure 5-1.  State Historical Trends in the Residential Sector (Annual Percent Change)
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groups is shown in Panel B of Figure 5-2. The growth
of electric space heating was quite rapid throughout
both the pre- and post-embargo period. Panel A of Fig-
ure 5-2 depicts the falling price of electricity relative
to natural gas during both periods. Relative electricity
and gas prices bottomed out in 1983 and since then,
the penetration of electricity in the space heating mar-
ket has fallen by more than half.

Space Heating Fuel Choice Model
A logit model, based on relative fuel costs, is used to

project space heating fuel choice (electric vs. non-elec-
tric). This model was estimated from data for the five
Indiana IOUs. The dependent variable in this model,
referred to as a logit, is the ratio of electricity’s share
of new space heating systems to that of all other fuels.
Market share, or penetration, is defined as the change
in electric space heating customers as a fraction of net
new customers. The advantages of modeling penetra-
tion rather than saturation are that penetration cap-
tures current activity, is independent of the rate of
customer growth and exhibits greater year-to-year
variation.  Under SUFG’s base case assumptions of
stable electricity prices and increasing natural gas
prices, the fuel choice model projects the penetration
of electric space heating to average about 45 percent
over the forecast horizon (for the five IOUs combined).
This results in space heating saturation of 25 percent
by the end of the forecast horizon (Panel C).

After projecting the share of new residential custom-

ers choosing electric space heating systems, the resi-
dential econometric model next projects average

electricity consumption for each customer group.

Average kWh Sales: Non-Electric Heating
Customers

About 80 percent of all residential customers are non-
electric heating customers. Prior to 1974, average elec-
tricity consumption by these customers increased about
6 percent per year. Since 1974, average use has increased

moderately, averaging about 0.5 percent per year from
1975-85 and about 1.6 percent thereafter.

A robust econometric demand model, known as the

log-log expenditure share model, is used to estimate
the demand for electricity by non-electric heating cus-
tomers. This relationship is capable of picking up
emerging nonlinearities or saturation effects not de-
tected by ordinary demand models. This is especially
important since the model is used to generate long-
range forecasts.

Average kWh Sales: Electric Space Heating
Customers

Average sales to electric space heating customers
declined significantly throughout the 1970s and 1980s
(see Panel D in Figure 5-2). This downward trend is
most likely attributable to lower consumption by new
electric space heating customers (better insulated
buildings, heat pumps and a changing mix of type and
size of new electrically heated homes) than it is to de-
creases in consumption by existing customers (i.e.,
lower thermostat settings and envelope retrofits), al-
though the latter has most likely occurred as well. The
application of econometric analysis to capture these
effects is not likely to provide reliable or even plau-
sible results on an aggregate level. The heterogeneity
among customers over time is too great. SUFG per-
formed limited econometric analysis of this compo-
nent without success.

Consumption data for the last several years indicate
that the rapid decline in average energy consumption
by electric space heating customers has leveled off af-
ter falling nearly 20 percent between the late 1970s and
the mid-1980s. A review of the thermal integrity and
electric space heating technology curves from the resi-

dential end-use model suggested that savings beyond
20 percent would require a substantial increase in the
real price of electricity. Given this result, in combina-
tion with the outlook for constant or declining real elec-
tricity prices during the forecast period and the
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Figure 5-2.  Structure of Residential Econometric Model

Panel A.  Btu-Adjusted
Electricity Gas Price Ratio

Panel B.  Net Electric
Space Heating Penetration

!!!!!

Panel C. Electric Space
Heating Saturation

"""""

Penetration:  Net new space heat
customers divided by total net net
customers. May be greater than
100 or less than zero due to some
existing customer switching to or
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"""""

!!!!!

Number of Non-Electric Heating Customers

Panel D.  Annual kWh Used by Electric
Heating Customers

Panel E.  Annual kWh Used by Non-
Electric Heating Customers
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Models for Annual kWh per Customer

Energy Used by Electric Heating Customers
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Energy Used by Non-Electric Heating Customers= =

Net New Customers from Housing Model

Logit Fuel Choice Model

!! !!!!! !!!

1966
1971

1976
1981

1986
1991

1996
2001

2006
2011

2016
2021

0

20

40

60

80

100

120

140

0

20

40

60

80

100

120

140

P
er

ce
nt

P
er

ce
nt

Year

1966
1971

1976
1981

1986
1991

1996
2001

2006
2011

2016
2021

0

5

10

15

20

25

30

0

5

10

15

20

25

30

P
er

ce
nt

P
er

ce
nt

Year

1966
1971

1976
1981

1986
1991

1996
2001

2006
2011

2016
2021

0

5000

10000

15000

20000

25000

0

5000

10000

15000

20000

25000

kW
h

kW
h

Year

1966
1971

1976
1981

1986
1991

1996
2001

2006
2011

2016
2021

0

4000

8000

12000

16000

0

2000

4000

6000

8000

10000

12000

14000

kW
h

kW
h

Year

1966
1971

1976
1981

1986
1991

1996
2001

2006
2011

2016
2021

0

20

40

60

80

100

120

140

0

20

40

60

80

100

120

140

P
er

ce
nt

P
er

ce
nt

Year

!! !!!



RESIDENTIAL ELECTRICITY SALES

State Utility Forecasting Group/Indiana Electricity Projections 2003 Chapter 5-5

apparent leveling off of the decline in usage in recent
years, SUFG assumes that the space heating compo-
nent of a space heating customer’s consumption will
remain constant throughout the forecast period at
about 7,500 kWh per year.

The non-space heating component of an electric
space heating customer’s consumption currently av-
erages about 10,000 kWh. Changes in real incomes, real
electricity prices and real appliance prices should have
little effect on future consumption levels since electric

space heating customers already have very high satu-
rations of all major household appliances. Thus, SUFG
assumes that this component of a space heating
customer’s consumption will also remain constant
during the forecast period (marginal efficiency im-
provements will offset marginal saturation and utili-
zation increases). These are the same assumptions
made for SUFG’s first forecast in 1987. They have been
reviewed each year as new data have become avail-
able.

Summary Of Results
The remainder of this chapter describes SUFG’s cur-

rent residential electricity sales projections. First, the
current projection of residential sales growth is ex-
plained in terms of the model sensitivities and changes
in the major explanatory variables. Next, the current
base projection is compared to past base projections
and then to the current high and low scenario projec-
tions.  Also, at each step, significant differences in the
projections are explained in terms of the model sensi-
tivities and changes in the major explanatory variables.

Model Sensitivities

The major economic drivers in the residential econo-
metric model include residential customers, household
income, and electricity, natural gas and oil prices. The
sensitivity of the residential electricity projection to
changes in these variables was simulated one at a time
by increasing each variable ten percent above the base

scenario levels and observing the change in electricity
use. The results are shown in Table 5-1.

Electricity consumption increases substantially due
to increases in both the number of customers and
household income. As expected, electricity rate in-
creases reduce electric consumption. Changes in oil
prices do not materially affect electricity consumption.

Indiana Residential Electricity Sales
Projections

Actual sales, as well as past and current projections,
are shown in Figure 5-3.  The shaded numbers in the
table and the heavy line in the graph are historical con-
sumption.  The growth rate for the current base pro-
jection of Indiana residential electricity sales is 1.95
percent, slightly lower than SUFG’s 2001 projection.
Table 5-2 shows the growth rates of the major residen-
tial drivers for the current scenarios and the SUFG 2001
base case.  In all of the residential sector drivers, the
current base exhibits somewhat higher growth result-
ing in a higher residential electricity use forecast.  The
growth rates for the fossil fuel (oil and natural gas)
prices over the forecast horizon are very sensitive to
the beginning year due to the recent volatility in prices.
Long-term patterns for the entire forecast horizon are
very similar for both the current  and previous projec-
tions.  Table 5-3 summarizes SUFG’s base projections
of residential electricity sales growth since 1996.  These
projections are broken down by the portion of the

10 Percent Increase In:     Change in Electric Use
Causes This Percent

Number of Customers
Electric Rates
Natural Gas Price
Distillate Oil Prices
Appliance Prices
Household Income

11.1
-2.4
1.0
0.0

-1.8
2.0

Table 5-1.  Residential Model Long-Run
 Sensitivities
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growth rate attributable to the growth in number of
customers and growth in utilization per customer, be-
fore and after DSM. As the table shows, approximately
one third of projected sales growth is attributable to
customer growth and two thirds to changes in electric
intensity (price and income effects). The net effect of
changes in energy prices is to increase electric inten-
sity about 0.2 percent per year.  The small amount of
residential DSM, primarily load shifting, has virtually
no effect on residential electric intensity growth.  The
remaining growth in electric intensity is accounted for
by income growth and declining real appliance prices.

As shown in Figure 5-4, the growth rates for the high
and low residential scenarios are about 0.4 percent
higher and 0.2 lower than the base scenario. This dif-

ference is due to differences in the growth of total cus-
tomers and household income.

Indiana Residential Electricity Price
Projections

Historical values and current projections of residen-
tial electricity prices are shown in Figure 5-5.  In real
terms residential electricity prices have been declin-
ing since the mid-1980s.  SUFG projects this trend to
continue until about 2005 when slower declines in util-
ity steam coal prices coupled with the need for addi-
tional generation resources lead to relatively constant
electricity prices.  SUFG’s real price projections for the
individual IOUs all follow the same patterns as the
state as a whole, but there are variations across the
utilities.

2003 SUFG Base
(2002-2021)

2001 SUFG Base
(2000-2019)

1999 SUFG Base
(1997-2016)

Forecast

0.66

0.71

0.67

No. of 

Customer

1.30

1.31

0.96

1.29

1.31

0.96

1.95

2.02

1.63

Table 5-3.  History of SUFG Residential Sector Growth Rates (%)

Utilization

Sales

Growth

Prior to DSM After DSM

Utilization

Sales

Growth

1.96

2.02

1.63

Forecast

Base

Table 5-2.  Residential Model Explanatory Variables -- Growth 
Rates by Forecast (%)

Low High

Current Scenario (2002-2021)

Base

2001 Forecast

No. of Customers

Appliance Prices

Electric Rates

Natural Gas Price

Oil Prices

Household Income

0.66

-3.00

-0.38

0.26

0.43

1.69

0.66

-3.00

-0.12

0.26

0.43

1.24

0.69

-3.00

-0.52

0.26

0.43

2.81

(2000-2019)

0.71

-3.00

-0.98

-0.42

-0.77

1.91
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Overview
SUFG has two distinct models of commercial elec-

tricity sales, econometric and end-use, that have spe-
cific strengths and complement each other.  SUFG staff
developed the econometric model and acquired a pro-
prietary end-use model, Commercial Energy Demand
Modeling System (CEDMS). CEDMS, like its residen-
tial counterpart, REEMS, is a descendant of the first
generation of end-use models developed at ORNL dur-
ing the late 1970s for the Department of Energy (DOE).
CEDMS, however, bears little resemblance to its ORNL
ancestor. Jerry Jackson and Associates actively sup-
ports CEDMS and it continues to define the state-of-
the-art in commercial sector end-use forecasting
models.

Prior to 1993, SUFG relied on its econometric model

to project commercial electricity sales. SUFG used the
end-use model for general comparison purposes and
for its structural detail. (CEDMS estimates commer-
cial floor space for building types and estimates en-
ergy use for end uses within each building type.)
SUFG also took advantage of the building type detail
in CEDMS to construct the major economic drivers for
its econometric model. In 1993, SUFG made CEDMS
its primary commercial sector forecasting model for

several reasons. First, based on experience with the
model over several years, SUFG is confident it pro-
vides realistic energy projections under a wide range
of assumptions. Next, in contrast to the significant dif-
ferences between the residential end-use and econo-
metric model projections (discussed in Chapter 5), the
differences between the commercial models are small
since both the econometric model and CEDMS fore-
cast similar changes in electric intensity.

Historical Perspective
Historical trends in commercial sector electricity

sales have been distinctly different in each of the last
four recent periods (see Figure 6-1).

Changes in electric intensity, expressed as changes
per square foot of energy-weighted floor space, arise

from changes in building and equipment efficiencies
as well as changes in equipment utilization, end-use
saturations and new end uses.  Electric intensity in-
creased rapidly during the era of cheap energy (4.7
percent per year) as seen in Figure 6-1 prior to the OPEC
oil embargo.  This trend was interrupted by the sig-
nificant upward swing in electricity prices during 1974-
84, which resulted in a decrease in energy intensity.
As electricity prices fell again during the 1984-99 pe-
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riod, electric intensity rose but at a slower rate (2.4
percent) than that observed during the pre-embargo
period.  New commercial buildings and energy-using
equipment continue to be more energy-efficient than
the stock average but these efficiency improvements
are offset by an increased demand for energy services.

Since 1999 the decrease in economic activity has re-
tarded growth in commercial floorstock, intensity of
electricity use, and electricity use despite continued
declines in real electricity prices.  Even though few
years of data are available since 1999, the decrease in
the growth in the commercial sector is unmistakeable.

Model Description
Figure 6-2 depicts the structure of the commercial

end-use model. As the figure shows, CEDMS uses a
disaggregated capital stock approach to forecast en-
ergy use. Energy use is viewed as a derived demand
in which electricity and other fuels are inputs, along
with energy-using equipment and building envelopes,
in the production of end-use services.

The disaggregation of energy demand is as impor-
tant in the modeling of the commercial sector as it is
for modeling the residential sector. CEDMS divides
commercial buildings among 10 building types. It also
divides energy use in each building type among 14
possible end uses, including a residual use category.
For end uses such as space heating, where non-elec-
tric fuels compete with electricity, CEDMS further dis-
aggregates energy use among fuel types. (This
disaggregation scheme is illustrated at the top of Fig-
ure 6-2.) CEDMS also divides buildings among vin-
tages, i.e., the year the building was constructed, and
simulates energy use for each vintage and building
type.

CEDMS projects energy use for each building vin-
tage according to the following equation:

Q (T, i, k, l, t) = U (i, k, l, t) * e (i, k, l, t) *

a (i, k, l, t) * A (l, t) * d (l, T-t)

where

* = multiplication operator;

T = forecast year;

Q = energy demand for fuel i, end use k,

building type l and vintage t in the fore-
cast year;

t = building vintage (year);

U = utilization, relative to some base year;

e = energy use index, kWh/sqft/year or
Btu/sqft/year;

a = fraction of floor space served by fuel i,
end use k, and building type l for floor
space additions of vintage t;

A = floor space additions by vintage t and
building type l; and

d = fraction of floor space of vintage t still
standing in forecast year T.

CEDMS’ central features are its explicit representa-
tion of the joint nature of decisions regarding fuel
choice, efficiency choice and the level of end-use ser-
vice, as well as its explicit representation of costs and
energy use characteristics of available end-use tech-
nologies in these decisions.

CEDMS jointly determines fuel and efficiency
choices through a methodology known as discrete
choice microsimulation. Essentially, sample firms in
the model make choices from a set of discrete heating,
ventilation and air conditioning (HVAC) equipment
options. Each discrete equipment option is character-
ized by its fuel type, energy use and cost. The discrete
choice representation incorporates many significant
advantages over the technology curve representation
used in the earlier ORNL model. CEDMS uses the dis-
crete technology choice methodology to model equip-
ment choices for HVAC, water heating, refrigeration
and lighting. HVAC and lighting accounts for 80 per-
cent of total electricity use by commercial firms.
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Building Types:
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Equipment standards are easily incorporated in
CEDMS’ equipment choice submodels. For example,

the Energy Policy Act of 1992 (EPACT) significantly
affects the forecast for commercial lighting by prohib-
iting the manufacture of most 40 Watt and 75 Watt

lamps (of these standard lamp sizes, only a few spe-
cialty lamps now meet both efficiency and color ren-
dering requirements). EPACT’s equipment standards
for air conditioning and motors are also incorporated
in CEDMS.

Besides efficiency and fuel choices, CEDMS also
models changes in equipment utilization, or intensity
of use. For equipment that has not been added or re-
placed in the previous year, changes in equipment uti-
lization are modeled using fuel-specific, short-run
price elasticities and changes in fuel prices. For new
equipment installed in the current year, utilization
depends on both equipment efficiency and fuel price.
For example, a 10 percent improvement in efficiency
and a 10 percent increase in fuel prices would have
offsetting effects since the total cost of producing the
end-use service is unchanged.

Summary Of Results
The remainder of this chapter describes SUFG’s com-

mercial electricity sales projections. First, the current
base projection of commercial sales growth is ex-
plained in terms of the model sensitivities and changes
in the major explanatory variables. Next, the current
base projection is compared to past base projections
and then to the current low and high scenario projec-
tions. At each step, significant differences in the pro-
jections are explained in terms of the model sensitivities
and changes in the major explanatory variables.

Model Sensitivities

The major economic drivers to CEDMS include com-
mercial floor space by building type (driven by non-
manufacturing employment and population),
electricity, natural gas and oil prices. The sensitivity

of the electricity projection to changes in these vari-
ables was simulated one at a time by increasing each
variable ten percent above the base scenario levels and
observing the change in commercial electricity use. The
results are shown in Table 6-1. An interesting result is
that changes in commercial floor space lead to more
than proportional changes in electricity use. The rea-
son for this is that new buildings tend to have greater
saturations of electric end uses, even though they are
more efficient.  The table also shows that changes in
the price of competing forms of energy have little im-
pact on electricity use.

Indiana Commercial Electricity Sales
Projections

Historical data as well as past and current projec-
tions are illustrated in Figure 6-3.  The shaded num-
bers in the table and the heavy line in the graph are
historical consumption. As can be seen, the current base
projection of Indiana commercial electricity sales growth
is 2.71 percent. The growth rates for the major explana-
tory variables are shown in Table 6-2. Note that the
change from 2001 for all of the drivers in Table 6-2
lead to increased commercial sector energy purchases.
Table 6-3 summarizes SUFG’s base projections of com-
mercial electricity sales growth for the last three SUFG
forecasts.  Floor space growth accounts for about 2 per-
cent growth annually. The net effect of changes in en-
ergy prices and the mix in types of floor space is to
increase electricity use about 0.5 percent per year. The
relatively small DSM programs have virtually no ef-

                                                 Causes This Percent
10 Percent Increase In:       Change in Electric Use

Electric Rates                                                 -2.5
Natural Gas Price                                           0.2
Distillate Oil Prices                                        0.0
Coal Prices                                                      0.0
Electric Energy-Weighted                           12.0
   Floor Space

Table 6-1.  Commercial Model Long-Run 
Sensitivities
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fect.  Thus, about 80 percent of projected sales growth
is attributable to floor space growth, with the remain-
ing contribution from increased intensity.

As shown in Figure 6-3, the current projection is very
similar to the 2001 forecast.  The current projection
starts out lower but grows at a slightly higher rate.
The lower starting point is due to the recent downturn
in the economy and the higher growth rate is due to
similar, but higher growth in floorstock and electric
intensity in the current forecast.  Finally, Table 6-3 in-
dicates that the impact of utility-sponsored DSM pro-
grams is not significant in the current forecast.

As shown in Figure 6-4, the growth rates for the low
and high scenarios are about 1.1 percent lower and 1.0
percent higher than the base scenario, respectively.
These differences are almost entirely due to a differ-
ence in floor space growth.

Indiana Commercial Electricity Price
Projections

Historical values and current projections for com-
mercial electricity prices are shown in Figure 6-5.  In
real terms, commercial electricity prices have been de-

clining since the mid-1980s.  SUFG projects this trend
to continue until about 2004 when slower declines in

utility steam coal prices coupled with the need for
additional generation resources lead to relatively con-
stant electricity prices through 2012.  Real prices are
projected to slowly fall through the last half of the fore-
cast period.   SUFG’s real price projections for the in-
dividual IOUs all follow the same pattern in the state
as a whole, but there are variations across the utilities.

Forecast

Base

Table 6-2.  Commercial Model -- Growth Rates (%) for Selected
Variables (2003 SUFG Scenarios and 2001 Base Forecast)

Low High

Current Scenario (2002-2021)

Base

2001 Forecast
(2000-2019)

Electric Rates

Natural Gas Price

Oil Prices

Energy-Weighted
  Floor Space

-0.34

0.55

0.60

2.15

-0.09

0.55

0.60

1.12

-0.50

0.55

0.60

2.99

-0.73

-0.11

-0.75

2.11

2003 SUFG Base
(2002-2021)

2001 SUFG Base
(2000-2019)

1999 SUFG Base
(1997-2016)

Forecast

2.15

2.11

1.89

Electric
Energy-

Weighted
Floor Space

0.56

0.46

0.34

0.56

0.46

0.34

2.71

2.57

2.23

Table 6-3.  History of SUFG Commercial Sector Growth Rates (%)

Intensity
Sales

Growth

Prior to DSM After DSM

Intensity
Sales

Growth

2.71

2.57

2.23
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INDUSTRIAL ELECTRICITY SALES

State Utility Forecasting Group/Indiana Electricity Projections 2003 Chapter 7-1

Overview
SUFG currently uses several models to analyze and

forecast electricity use in the industrial sector. The pri-
mary forecasting model is INDEED, an econometric
model developed by the Electric Power Research In-
stitute (EPRI), which is used to model the electricity
use of 16 major industry groupings in the state. Addi-
tionally, SUFG has used in various forecasts a highly
detailed process model of the iron and steel industry,
scenario-based models of the aluminum and found-
ries components of the primary metals industry, and
an industrial motor drive model to evaluate and fore-
cast the effect of motor technologies and standards.

The econometric model is calibrated at the statewide
level from data on cost shares obtained from the U.S.
Department of Commerce Annual Survey of Manu-
facturers.  SUFG has been using INDEED since 1992
to project individual industrial electricity sales for the
16 industries within each of the five IOUs. There are
many econometric formulations that can be used to
forecast industrial electricity use, which range from
single equation factor demand models and fuel share
models to “KLEM” models (KLEM denotes capital,
labor, energy and materials).  INDEED is a KLEM

model.  A KLEM model is based on the assumption
that firms act as though they were minimizing costs to
produce given levels of output. Thus, a KLEM model
projects the changes in the quantity of each input,
which result from changes in input prices and levels
of output under the cost minimization assumption. For
each of the 16 industry groups, INDEED projects the
quantity consumed of eight inputs:  capital, labor, elec-
tricity, natural gas, distillate and residual oil, coal and
materials.

Historical Perspective
SUFG distinguishes four recent periods of distinctly

different economic activity and growth — the decade
prior to the oil embargo of 1974, 1974-1984, the more
recent period, 1984-1999, and the current period, 1999
to the present.  Figure 7-1 shows state growth rates for
real manufacturing product, real electric rates and elec-
tric energy sales for the three periods.

During the decade prior to the OPEC oil embargo,
industrial electricity sales increased 7.5 percent annu-
ally.  In Indiana as elsewhere, sales growth was driven
by the combined economic stimuli of falling electricity
prices (2.8 percent per year in real terms) and growing

2.0

-2.0

2.0

-2.0

Prior to 1974 1974 to 1984 1984 to 1999 1999  to Present
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Figure 7-1.  State Historical Trends in the Industrial Sector (Annual Percent Change)
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manufacturing output (3.3 percent per year). During
the decade following 1974, sales growth slowed as real
electricity prices increased at an average rate of 3.8
percent per year and the state's manufacturing output
declined at a rate of 2.2 percent per year. This turn-
around in economic conditions and electricity prices
resulted in a dramatic decline in the growth of indus-
trial electricity sales from 7.5 percent per year prior to
1974 to 0.9 percent per year in the decade that followed.
The fact that electricity sales increased at all is most
likely attributable to increases in fossil fuel prices that
occurred during the "energy crisis" of 1974-84. The re-
cent period, 1984-1999, has witnessed another dramatic
turnaround. The growth rate of industrial output once
again becomes positive, and is substantially above the
rate observed prior to 1974.  Real electricity prices in
Indiana continued to decline in the industrial sector.
These conditions caused electricity sales growth to
average 2.9 percent per year during the last 15 years.

The effect of the current economic slowdown is par-
ticularly pronounced in the industrial sector.  Since
1999, real industrial electricity prices have continued
to decline, but this decline has been more than offset
by a decrease in manufacturing output, which in turn
has lead to a decrease in industrial electricity use.  In
the residential (Chapter 5) and commercial (Chapter
6)  sectors, decreased economic activity since 1999 has
resulted in slower but positive growth in electricity
use; in contrast, manufacturing electricity use has ac-
tually declined.  The CEMR economic activity projec-
tions used in this electricity forecast do not suggest a
turnaround in manufacturing until 2005-2006, so elec-
tricity use in the sector is forecast to be relatively flat
for the first few years of the forecast horizon.

Model Description
Figure 7-2 depicts the relationship between the mod-

els used by SUFG to characterize electricity use in the
industrial sector.  Electricity used in the sector can be
broken down in three ways -- Level I, by industry;

Level II, by process step; and Level III, by energy end
use. Each corresponds to a dimension of the cube in
Figure 7-2.  Currently, electricity use is subdivided into
the 16 manufacturing industries listed in Table 7-1. At
this time, only the iron and steel, foundries and alumi-
num portions of SIC 33 are broken down to Level II
models.  In addition, a model of electricity use by mo-
tors in industry projects the impact of motor technologies
and standards geared toward particular end uses.

The Econometric Model

 SUFG's primary forecasting model, INDEED, con-

sists of a set of econometric models for each of Indiana's
major industries listed in Table 7-1.

Each model is driven by projections of selected in-
dustrial GSP over the forecast horizon provided by
CEMR. Each industry’s share of GSP is given in the
first column of Table 7-1. Over 75 percent of GSP is
accounted for by the following industries:  fabricated
metals, 7 percent; electric machinery, 8 percent, pri-
mary metals, 10 percent; non-electric machinery, 12
percent; chemicals, 16 percent; and transportation, 23
percent.

The share of total electricity consumed by each in-
dustry is shown in column two. Both the chemical and
primary metals industries are very electric intensive
industries. Combined, they account for more than 45
percent of total industrial state electricity use.

Column three gives the current base output projec-

tions for the major industries obtained from the most
recent CEMR forecast. As explained in Chapter 4, CEMR
projections are developed using econometric models
of the U.S. and Indiana economies. Manufacturing sec-
tor GSP projections are obtained by multiplying pro-
jected sector employment projections by a projection of
GSP per employee, a measure of labor productivity.

In preparing this forecast, SUFG used the CEMR
projections of GSP for SIC code 33, a large, intensive
user of electricity composed largely of steel produc-



INDUSTRIAL ELECTRICITY SALES

State Utility Forecasting Group/Indiana Electricity Projections 2003 Chapter 7-3

Figure 7-2.  Structure of Industrial Energy Modeling System
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tion, as the driver in the NIPSCO service area model
and used aggregate manufacturing in all other service
areas.  The logic behind this is that the downturn in
steel production has had a larger effect on the inte-
grated mills than the mini-mills and the integrated
mills are concentrated in the NIPSCO service area in
northwest Indiana.

In another large intensive electricity using industry,
chemicals (SIC 28), SUFG used the CEMR average GSP
for all industries rather than industry-specific GSP
projections.  The rationale for this substitution is two-
fold.  First, a portion of the chemicals industry, air sepa-
ration is closely linked to integrated mill steel
production due to the intensive use of oxygen by the
integrated mills.  Second, even though the chemicals
industry has experienced rapid growth over the past
several years, SUFG chose to use a more conservative
estimate of future growth in this electric intensive in-
dustry by replacing the CEMR above average growth
projection with a more modest projection.

Each industrial sector econometric model converts
output by forecasting the total cost of producing the
given output and the cost shares for each major input,
i.e., capital, labor, electricity, gas, oil, coal and materi-
als. The quantity of electricity is determined given the
expenditure of electricity for each industry and its
price.

As described earlier in this chapter, INDEED cap-
tures the competition between the various inputs for
their share of the cost of production by assuming firms
seek the mix of inputs that minimize the cost of the
given level of output. Unit costs of gas, oil, coal, capi-
tal, labor and materials are inputs to the SUFG sys-
tem, while the cost per kWh of electricity is determined
by the SUFG modeling system  The current SUFG fore-
cast assumes that real natural gas prices in the indus-
trial sector "spike" in 2001 then decline at about 5.6
percent per year until the year 2005 and increase at a
rate of about 0.8 percent per year thereafter. Distillate
fuel prices are assumed to follow a similar pattern, but

20
24
25
26
27
28
30
32
33
34
35
36
37
38
39

Food & Kindred Products
Lumber & Wood Products
Furniture & Fixtures
Paper & Allied Products
Printing & Publishing
Chemicals & Allied Products
Rubber & Misc. Plastic Products
Stone, Clay, & Glass Products
Primary Metal Products
Fabricated Metal Products
Industrial Machinery & Equipment
Electronic & Electric Equipment
Transportation Equipment
Instruments And Related Products
Miscellaneous Manufacturing

Total Manufacturing

4.15
2.35
2.05
1.48
2.66

15.89
4.64
1.98
9.72
7.24

12.43
7.88

22.65
2.33
2.03

100.00

5.82
0.69
0.48
2.48
1.02

17.40
5.92
5.19

28.45
5.14
4.92
5.16
9.87
1.36
2.90

100.00

-1.02
-0.10
1.65

-1.06
-1.00
1.50
3.43
0.85
0.34
1.14
2.14
2.53
1.25

-1.15
5.26

1.50

0.67
-0.39
0.33
0.25
0.93
1.18
0.36
0.27
1.89
0.61
0.61
0.40
0.43
0.16

-4.53

0.48

-0.35
-0.49
1.98

-0.82
-0.07
2.67
3.78
1.11
2.23
1.76
2.74
2.93
1.69

-0.99
0.72

1.97

Current
Share 
of GSP

Current
Share of

Electricity
Use

Forecast
Growth
in GSP

Originating
by  Sector

Forecast 
Growth in
Electricity
Intensity
by Sector

Forecast
Growth in
Electricity

Use by
SectorNameSIC

Table 7-1.  Selected Statistics for Indiana's Industrial Sector (Prior to DSM) (%)
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are assumed to grow at a faster rate (0.85 percent per
year) than gas after the year 2005.  Unit costs for capi-
tal, labor and materials are consistent with the assump-
tions contained in the CEMR forecast of Indiana output
growth.

The changes in electricity intensities, expressed as a
percent change in kWh/dollar of GSP, are shown in
column four of Table 7-1. While some intensities are
expected to increase and some to decrease, industry-
wide electricity intensity is expected to remain nearly
constant over the forecast horizon.

The last column of Table 7-1 contains the projected
annual percent increase in electricity sales by major
industry.  This projected increase is the sum of changes
in GSP and kWh/GSP for each industry. Average in-
dustry electricity use across all sectors in the base sce-
nario is expected to increase at an average of 1.97
percent per year over the forecast horizon.

Summary of Results

Model Sensitivities

Table 7-2 shows the impact of a 10 percent increase
in each of the  model inputs  on all industry electricity
consumption in the econometric model. Electricity
sales are most sensitive to changes in output and elec-
tric rates, somewhat sensitive to changes in gas and
oil prices, and insensitive to changes in assumed coal
prices. Other major variables affecting industrial elec-
tricity use include the prices of materials, capital and
labor. The model’s sensitivities were determined by
increasing each variable ten percent above the base
scenario levels and observing the change in forecast
industrial electricity use after 10 years.

Industrial Energy Projections: Current  and
Past

Past and current projections for industrial energy
sales as well as overall annual average growth rates

for the current and past forecasts are shown in Figure
7-3 in both tabular and graphic form. The shaded num-
bers in the table and the heavy line in the graph are
historical sales.

The impact of industrial sector DSM programs on
growth rates for the 1999 and 2001 and current fore-
casts are contained in Table 7-3.  The table also disag-
gregates the impact on energy growth of output,
changes in the mix of output and electricity intensity.
As in the residential and commercial sectors, DSM pro-
grams have virtually no impact on industrial sector
electricity purchases.  Current incremental DSM mea-
sures focus on peak shaving and load shifting rather
than conservation.  The affect of conservation activi-
ties during the 1990s are embedded in the historical
data and SUFG's projections.

The current forecast projects that industrial sector
electricity sales will grow from its present level of ap-
proximately 39,000 GWh to over 55,000 GWh by 2021.
This growth rate of 1.97 percent per year is substan-
tially lower than the 2.71 percent rate projected for the
commercial and nearly identical to the 1.95 percent rate
projected for the residential sector.  As shown in Fig-
ure 7-3, the current forecast lies below the 2001 and
1999 forecasts until the end of the forecast horizon.

The lower forecast of industrial sector electricity en-
ergy purchases in the early years can be attributed to
reduced economic activity.   Industrial electric energy
purchases are flat at the beginning of the forecast pe-

10 Percent Increase In:     Change in Electric Use
Causes This Percent

Real Manufacturing
Product
Electric Rates
Natural Gas Price
Oil Prices
Coal Prices

10.0

-4.8
1.4
0.9
0.2

Table 7-2.  Industrial Model Long-Run 
Sensitivities
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riod with projections for 2003 about the same as his-
torical purchases observed in 1999.  The sales projec-
tions increase modestly throughout the remainder of
the forecast as economic activity increases and the cur-
rent projection of purchases is roughly the same as
SUFG's 2001 and 1999 projections by 2015.

Industrial Energy Projections:  SUFG Scenarios

Figure 7-4 shows how industrial requirements dif-

fer by scenario.  Industrial sales, in the high scenario,
are expected to increase to over 60,000 GWh by 2019,
more than 14 percent higher than the base projection.
In the low scenario, industrial sales grow slowly, which
results in only 45,000 GWh sales by 2019, more than
14 percent below the base scenario.

The wide range of forecast sales is caused primarily
by the equally wide range of the trajectories of indus-
trial output contained in the CEMR low and high sce-
narios for the state.  In the base scenario, CEMR expects
GSP in the industrial sector to grow 1.50 percent per
year during the forecast horizon.  That rate is expected
to be 2.56 percent in the high scenario and only 0.16
percent in the low scenario.  This reflects the uncer-

tainty regarding Indiana's industrial future contained
in these forecasts.  The high and low scenarios reflect
an optimistic and pessimistic view regarding the abil-
ity of Indiana's industries to compete with other pro-
ducers.

Indiana Industrial Electricity Price Projections

Historical values and current projections of indus-

trial electricity prices are shown in Figure 7-5.  In real
terms, industrial electricity prices have been declin-
ing since the mid-1980s.  SUFG projects this trend to
continue until 2005 when slower declines in utility
steam coal prices coupled with the need for additional
generation resources lead to relatively constant real
electricity prices.  SUFG's real price projections for the
individual IOUs all follow the same patterns as the
state as a whole, but there are variations across the
utilities.

2003 SUFG Base
(2002-2021)

2001 SUFG Base
(2000-2019)

1999 SUFG Base
(1997-2016)

Forecast

1.50

1.41

1.58

Output
Mix

Effects

Electric
Energy-

Weighted
Output Intensity

Sales
Growth Intensity

Sales
Growth

-0.23

-0.55

-0.18

1.27

0.86

1.40

0.70

0.46

0.32

1.97

1.32

1.73

0.70

0.46

0.32

1.97

1.32

1.73

Prior to DSM After DSM

Table 7-3.  History of SUFG Industrial Sector Growth Rates (%)
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The Impact of the Economic
Slowdown on Indiana Energy and
Peak Demand

During the summer of 2002, many Indiana utilities
set new records for the highest peak demand in com-
pany history.  This is noteworthy for two reasons:
overall annual electricity usage was not growing due
to the slowing of the economy and the summer of 2002
was not unusually hot.  This section examines why
peak demand appears to be increasing while electric-
ity requirements do not.  This issue is of particular
importance because new capacity needs are driven by
peak demand.

A logical starting point for a comparison of peak
demand to electricity requirements is to look at how
the state’s load factor has changed.  Figure 8-1 shows
the statewide load factor, which is the ratio of aver-
age hourly demand to peak hour demand, for each

ISSUES
CHAPTER 8

year from 1982 through 2001.  The large variations from
year to year result primarily from weather differences,
but it is instructive that the lowest load factors occur
in the slow economic periods of the early 1980s and
1990s.  Load factors decline when peak demand in-
creases faster than annual electricity consumption.

While it is possible to estimate what the peak de-
mand would have been under normal weather, it is
not particularly useful for these purposes since annual
electricity consumption is also weather sensitive.  Ad-
ditionally, the effect of interruptible loads and the vol-
untary customer load reductions that occurred in 1998
and 1999 alter the peak demand numbers.

Since an examination of historical load factors does
not provide a sufficient explanation for the observed
phenomenon, the relationships between year to year
changes in annual electricity consumption for each of
the three main customer sectors (residential, commer-
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Figure 8-1.  Historical Statewide Load Factor
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cial and industrial) to changes in statewide peak de-
mand are provided in Figures 8-2, 8-3 and 8-4.  These
figures are scatter diagrams where each point repre-
sents the change from one year to the next in both peak
demand on the horizontal axis and the sector’s annual
electricity consumption on the vertical axis.  In Figure
8-2, it appears that as the change in residential elec-
tricity consumption becomes larger, the change in peak
demand also grows.  In Figure 8-3, changes in com-
mercial electricity consumption are very consistent
from year to year and appear to have less impact on
peak demand.  Finally, in Figure 8-4, there appears to
be no relationship between changes in industrial elec-
tricity consumption and those in peak demand.

Residential electricity consumption has a major im-
pact on peak demand due to the weather sensitivity of
individual loads, particularly air conditioning.  The
historical relationship between the year to year change
in cooling degree days (CDD) and the change in resi-
dential electricity consumption, shown in Figure 8-5,
supports this.  Similar analyses show that CDD have a
lesser impact on the commercial sector and almost no
impact on the industrial sector.

While the industrial sector is the least sensitive of
the three to weather, it is the most sensitive to the gross
state product (GSP).  Figure 8-6 shows the scatter dia-
gram for changes in GSP, which is affected by the per-
formance of Indiana’s economy, and in industrial
electricity consumption.  There is no visible relation-
ship between changes in GSP and consumption in the
residential and commercial sectors.

A statistical analysis of the historical data provides
the correlation coefficients for the changes in electric-
ity consumption for each of the three sectors and for
changes in peak demand, cooling degree days and GSP
(see Table 8-1).  The correlation coefficients vary from
-1 to +1, with values near -1 indicating a strong in-
verse relationship (if one goes up, the other goes down).
A value near zero indicates little to no relationship be-
tween the two (a change in one does not affect the
other).  A value near +1 indicates a strong correlation

between the two (they tend to go up and down to-
gether.  The values in Table 8-1 confirm the observed
relationships in Figures 8-2 through 8-6.

Figure 8-7 shows the historical percentage of total
electricity requirements for which each sector accounts.
The industrial sector share generally increases when
the economy is performing well and drops when the
economy fares poorly, as in 1991 and 2001.  This rein-
forces the notion that consumption in the industrial
sector is often hit hardest by an economic slowdown.

The current economic slowdown has had little ef-
fect on residential electricity demand; as expected, the
slowdown has been most evident in industrial elec-
tricity demand.

In summary, the economic slowdown has affected
electricity consumption mainly in the industrial sec-
tor.  This is felt more strongly in the state’s total elec-
tricity requirements than in its peak demand, which is
largely weather dependent and is affected primarily
by the residential sector.

Economic Competition between
Coal and Natural Gas for Electricity
Generation

As Indiana enters a period when new base load ca-
pacity will be needed, the question of whether to use
coal or natural gas for that capacity is a natural one.
To shed some light on the subject, SUFG has compared
the relative economics of three types of electricity gen-
erators: pulverized coal-fired (PC), combined cycle
natural gas-fired (CC) and simple cycle natural gas-
fired (CT).

Residential
Consumption

Commercial
Consumption

Industrial
Consumption

Demand       CDD       GSP
Peak

0.66

0.28

-0.01

0.52

0.37

-0.13

-0.11

0.15

0.63

Change in:

Table 8-1.  Correlation Coefficients
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Figure 8-2.  Change in Peak Demand vs. Change in Residential Electricity Use

Figure 8-3.  Change in Peak Demand vs. Change in Commercial Electricity Use

Figure 8-4.  Change in Peak Demand vs. Change in Industrial Electricity Use
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Figure 8-7.  Percentage of Total Energy Requirements

••

•

••

•

• •

•

•

•

•

•

•
•

•

•

•

•

-2500

-2000

-1500

-1000
-500

0

500

1000

1500

2000

2500

-800 -600 -400 -200 0 200 400 600 800

C
h

an
ge

 in
 R

es
id

en
ti

al
 E

le
ct

ri
ci

ty

Change in CDD

•
•

•

•

•

•

••

•

•

• •

•

•
•

•
•

•

•

-2500
-2000
-1500
-1000

-500
0

500
1000
1500
2000
2500

-15 -10 -5 0 5 10 15

C
h

an
ge

 in
 I

n
d

u
st

ri
al

 E
le

ct
ri

ci
ty

Change in GSP

Figure 8-6. Change in GSP vs. Change in Industrial Electricity Use
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the price of coal is $1/mmBtu and the price of natural
gas is $4/mmBtu.  Table 8-3 shows the ranges for coal
at $1/mmBtu and natural gas at $5/mmBtu.

As expected, the PC generator becomes competitive
at lower capacity factors as the price of natural gas
increases.  If the price of natural gas falls below $3.2/
mmBtu, the coal-fired unit cannot compete even at 100
percent capacity factor.  Figure 8-8 shows the range
over which each generator type is most economic for
a wide range of natural gas prices, assuming the price
of coal is $1/mmBtu.  Similarly, if the price of coal
rises, the PC can only compete at higher capacity fac-
tors.  Table 8-4 shows the ranges of capacity factors
for coal at $1/mmBtu and natural gas at $5/mmBtu.

As one might expect, three factors are very impor-
tant when comparing the relative economics of differ-
ent types of generators.  The first is the capital cost
associated with purchasing and installing the neces-
sary equipment.  The second is the cost to operate the
equipment after it is built.  For instance, PC units have
high construction costs and low operating costs while
CTs tend to have lower construction costs and high
operating costs.  CC units generally have both construc-
tion and operating costs that lie between those for PCs
and CTs.  The third important factor is the expected
number of hours of operation.

For this study, the capital costs for each type of unit
were determined using the SEPRIL study that SUFG
commissioned in 1998, adjusted for inflation.  Using
assumed values for debt-to-equity ratio, tax rate, in-
terest rate on debt, and capital recovery factor, a needed
return on investment in $/kW per year was determined
for each type of generator.  This was combined with
the fixed operating and maintenance (O&M) costs to
determine the total fixed costs.

The operating cost for each generator type was de-
termined using the heat rate, a measure of efficiency,
contained in the SEPRIL study, along with the vari-
able non-fuel O&M costs.  The operating costs were
determined for a wide range of assumed fuel costs.

The number of hours of operation was handled by
varying the capacity factor of each unit type from 1 to
100 percent.  Capacity factor is the ratio of the amount
of electricity produced by a generator in a given pe-
riod and the amount that would be produced if the
unit were operating at full load during the entire pe-
riod.  A unit that does not operate at all would have a
0 percent capacity factor while one that operates at full
load for the entire period would have a 100 percent
capacity factor.

The expected cost of natural gas has a major impact
on the relative economics of the different types of gen-
erators.  Table 8-2 shows the range of capacity factors
over which a given unit is most economic, assuming

Generator
Type

Capacity
Factor
Range

PC                      69-100%

CC                      38-68%

CT                       1-37%

Table 8-2.  Range Over Which Each
Unit is Most Economic (Coal at
$1/mmBtu, Natural Gas at $4/mmBtu)

Generator
Type

Capacity
Factor
Range

PC                      49-100%

CC                      30-48%

CT                       1-29%

Table 8-3.  Range Over Which Each
Unit is Most Economic (Coal at
$1/mmBtu, Natural Gas at $5/mmBtu)

Generator
Type

Capacity
Factor
Range

PC                      80-100%

CC                      30-79%

CT                       1-29%

Table 8-4.  Range Over Which Each
Unit is Most Economic (Coal at
$2/mmBtu, Natural Gas at $5/mmBtu)
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Recent Trends in New Generation
Plant Construction

The wholesale price spikes that occurred in the Mid-
west in 1998 and 1999 spurred a rush in new genera-
tion plans as companies attempted to cash in on the
high prices.  A combination of increased capacity and
milder summer weather has prevented the price spikes
from recurring in the past three years.  This has re-
sulted in a slowing of new plant announcements and
some delays and cancellations of previously an-
nounced plants.  This section examines recent trends
in new generation plant construction in Indiana.

SUFG has been tracking new plant activity since
1998.  For purposes of this study, plants are assigned
to one of three categories: proposed (either announced
or with permits pending), approved (but not yet in
operation), or operational.
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Figure 8-9 shows the total new capacity in Indiana
for each category in each year since 1999.  The rapid
increase in 1999 and 2000 was driven largely by new
proposed projects.  The amount of capacity classified
as proposed falls thereafter as projects are either ap-
proved or cancelled.  Over 1,600 MW of new capacity
became operational in 2000.  That number has risen
steadily since then to the current level of almost 2,500
MW.

From 2001 to 2002, the total capacity starts to fall
off.  As seen in Figure 8-10, this is due to a combina-
tion of very little new capacity being proposed in 2002
and a substantial amount being cancelled.  In addi-
tion, over 2,800 MW of capacity was suspended or
delayed in 2002.  The delayed plants are still included
in their appropriate categories (either proposed or ap-
proved) in Figure 8-10, but they do provide further
proof that the new generation market has slowed con-
siderably.
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Figure 8-9.  Total New Capacity in Various Stages
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Figure 8-10.  Incremental Changes in Proposed Capacity by Year
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APPENDIX A
INDIANA ENERGY, SUMMER PEAK DEMAND
AND RATES:  SOURCES AND PROJECTIONS

In developing the historical energy, summer peak
demand and rates data shown in the body and ap-
pendix of this document, SUFG relied on several
sources of data.  These sources include:

1. FERC Form 1 (IOUs);

2. Rural Utilities Service (RUS) Form 7 or

Form 12 (HEREC and WVPA);

3. Uniform Statistical Report (IOUs);

4. Utility Load Forecast Reports (IOUs,
HEREC, IMPA and WVPA);

5. Integrated Resource Plan Filings (IOUs,
HEREC, IMPA and WVPA);

6. Annual Reports (IOUs, HEREC, IMPA,

and WVPA); and

7. SUFG Confidential Data Requests (IOUs,
HEREC, IMPA and WVPA).

SUFG relied on public sources where possible, but
some generally more detailed data was obtained from
Indiana utilities under confidential agreements of
nondisclosure.  All data presented in this report has
been aggregated to total Indiana statewide energy,
demand and rates to avoid disclosure.

In most instances the source of SUFG's data can be
traced to a particular page of a certain publication,
e.g., residential energy sales for an IOU is found on
page 304 of FERC Form 1.  However, in several cases
it is not possible to directly trace a particular number
to a public data source.  These exceptions arise due
to:

1.  geographic area served by the utility;

2.  classification of sales data; and

3.  unavailability of sectoral level sales data.

Both I&M and WVPA serve load in Michigan which
SUFG excluded in developing projections for Indiana.
Slightly less than 20 percent of I&M's load is in Michi-

gan and WVPA has one member cooperative,  Mid-
west Energy, formerly Fruit Belt Rural Electric Mem-
bership Cooperation (REMC), which is located in
southern Michigan.  Both I&M and WVPA have pro-
vided SUFG with data pertaining to their Indiana load.

Some Indiana utilities report sales to the commer-

cial and industrial sectors (SUFG's classification) as
sales to one aggregate classification or sales to small
and large customers.  In order to obtain commercial
and industrial sales for these utilities, SUFG has re-
quested data in these classifications from the utilities,
developed approximation schemes to disaggregate the
sales data, or combined more than one source of data
to develop commercial and industrial sales estimates.
For example, until recently the Uniform Statistical Re-
port contained industrial sector sales for IOUs.  This
data can be subtracted from aggregate FERC Form 1
small and large customer sales data to obtain an esti-
mate of commercial sales.

SUFG does not have sectoral level sales data for the
unaffiliated REMCs and unaffiliated municipalities.
SUFG obtains aggregate sales data from the FERC
Form 1, then allocates the sales to residential, commer-
cial industrial and other sales with an allowance for
losses.  These allocation factors were developed by
examining the mix of energy sales for other Indiana
REMCs and municipalities.  Thus, the sales estimates
for unaffiliated REMCs are weighted heavily toward
the residential sector and those for unaffiliated mu-
nicipalities are more evenly balanced between the resi-
dential, commercial and industrial sectors.

SUFG's estimates of sales-for-resale are based on
FERC Form 1 data and utility provided data.  Tradi-
tionally, the five IOUs and HEREC have been sellers
and IMPA, WVPA and unaffiliated REMCs and mu-
nicipalities purchasers of sales-for-resale energy and
capacity.  Out-of-state sales-for-resale by I&M and pur-
chases-for-resale by WVPA are excluded in SUFG's es-
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timates.  Additionally, there are some classification dif-

ferences similar to those in retail sales.  SUFG treats
the city of Richmond as part of IMPA and includes
the city of Jasper as part of the unaffiliated munici-
palities while I&M and SIGECO, respectively, have
treated them as electric utilities.  Furthermore, for the
above four purchasers, SUFG defines IOU requirement
sales as well as all other IOU sales as sales-for-resale.

SUFG's estimates of losses are calculated using a
constant percentage loss factor applied to retail sales
and sales-for-resale  (when appropriate).  These loss
factors are based on FERC Form 1 data and discus-
sions with Indiana utility personnel.

Total energy requirements for an individual utility
are obtained by adding retail sales, sales-for-resale (if
any) and losses.  Total energy requirements for the
state as a whole are obtained by adding retail sales
and losses for the ten entities which SUFG models.
Sales-for-resale are excluded from the state aggregate
total energy requirements to avoid double counting.

Summer peak demand estimates are based upon
FERC Form 1 data for the IOUs with the exception of
I&M, which provided SUFG with peak demand for
their Indiana jurisdiction, and company sources for
HEREC, IMPA and WVPA.  For the IOUs and HEREC,
the reported summer peak demands are adjusted for
non-requirement firm sales to Indiana utilities and for
SUFG's classification of the city of Richmond and the
city of Jasper as previously discussed.

Statewide summer peak demand may not be ob-
tained by simply adding across utilities because of
diversity and double counting problems.  Diversity
refers to the fact that all Indiana utilities do not expe-
rience their summer peak demand at the same in-
stance.  Due to differences in weather, sectoral mix,
end-use saturation, etc., the utilities tend to face their
individual summer peak demands at different hours,
days, or even months.  The double counting issue arises
due to sales-for-resale by the IOUs and HEREC to

IMPA, WVPA and the unaffiliated REMCs and mu-

nicipalities.  To obtain an estimate of statewide peak
demand SUFG employs a two-step procedure.  First,
the summer peak demand estimates for the IOUs and
HEREC are added together and adjusted for diversity.
Second, an estimate of IMPA and WVPA capacity on-
line at the time of the statewide summer peak demand
is added to the diversity adjusted sum of the IOUs and
HEREC summer peak demands.  This results in a di-
versity corrected estimate of statewide summer peak
demand and avoids double counting.

The historical energy sales and peak demand data

presented in this appendix represent SUFG's account-
ing of actual historical values.  However, data avail-
ability for the REMCs and municipalities prior to 1982
is limited and the reported values for 1980 and 1981
include SUFG estimates for the not-for-profit utilities
for these years.  SUFG believes that any errors in state-
wide energy sales and demand for 1980 and 1981 are
relatively small and concentrated in the residential
sector.

In developing the current forecast, SUFG was re-
quired to estimate some detailed sector specific data
for a few utilities.  This data was unavailable from
some utilities due to changes in data collection and/
or reporting requirements.  In the industrial sector,
SUFG estimates two digit, Standard Industrial Code

sales and revenue data for two IOUs.  This data was
estimated from total industrial sales data by assum-
ing the same allocation of industrial sales to two-digit
level as observed during recent years.  SUFG was also
unable to obtain sales and revenue data for the com-
mercial sector at the same level of detail from some
IOUs.  The detailed commercial sector data is neces-
sary to calibrate SUFG's commercial sector model, but
since the commercial sector model was not recalibrated
for this forecast, no estimation was attempted.  The
not-for-profit utilities have not traditionally been able
to supply SUFG with data at this level of data.  How-
ever, one not-for-profit utility was unable to provide
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SUFG with a breakdown of its member's load by sec-

tor.  SUFG estimated the sectoral load by applying al-
location factors derived from recently observed data.

SUFG feels relatively comfortable with these esti-
mates, but is concerned about the future availability
of detailed sector specific data.  If data availability

proves to be a problem in the future, SUFG will either

be forced to develop more sophisticated allocation
schemes to support the energy forecasting models or
develop less data intensive, detailed energy forecast-
ing models.
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SUFG 2003 Base Energy Requirements (GWh) and Summer Peak Demand (MW) for Indiana
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SUFG 2003 Low Energy Requirements (GWh) and Summer Peak Demand (MW) for Indiana
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SUFG 2003 High Energy Requirements (GWh) and Summer Peak Demand (MW) for Indiana
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Indiana Base Average Retail Rates (Cents/kWh) (In 2001 Dollars)
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5.28

5.29

5.29

5.29

5.27

5.22

5.20

5.16

5.11

5.07

4.98

4.90

4.98

4.96

1980-1985

1985-1990

1990-1995

1995-2000

2000-2005

2005-2010

2010-2015

2015-2021

2002-2021

Year Res Com Ind Average

Average Compound Growth Rates (%)

4.00

-4.17

-3.04

-1.14

-0.56

0.28

-0.58

-0.87 

-0.38 

1.23

-5.88

-3.14

-1.90

-0.17

0.23

-0.51

-0.64

-0.34 

2.11

-5.29

-3.84

-1.78

-1.08

0.05

-0.52

-0.42

-0.38

2.50

-5.10

-3.32

-1.71

-0.52

0.23

-0.52

-0.63

-0.36

Notes:
  --Energy-weighted average rates for Indiana IOUs
  --Results for the 2001 SUFG low and high scenarios are very
    similar and not reported
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GLOSSARY

Acid Rain   Rainfall  occurring when atmospheric wa-
ter vapor combines with oxides of sulfur and nitrogen
(from both man-made and natural sources) to form
sulfuric or nitric acid.  Natural rainfall is slightly acidic
due to the presence of carbon dioxide (CO2) in the
atmosphere which forms a mild carbonic acid.  If rain-
fall becomes too acidic, it may cause environmental
damage.

Additions (To Utility Plant)

Gross - Expenditures for construction (may or may
not include interest and other overheads charged to
construction) and utility plant purchased and ac-
quired, in a specific period.

Net  - Gross additions less retirements and adjust-
ments of a utility plant.  It is the net change in a util-
ity plant between two dates.

Average  A number that typifies a set of numbers of
which it is a function.

Average Compound Growth Rate (ACGR)  A com-
monly used measure to summarize the overall rate of
change in percentages of any forecast time series.  Only
the beginning and ending points plus the number of
intervening years are necessary to define an average
compound growth rate.  For example, in this forecast
ACGRs were calculated as follows:

100*120022021
1

2001
2021



















−


























−









YearofValue
YearofValue

Base Case (Base Scenario)   The most likely projec-
tion with an equal chance of being high or low.

Base Load Demand   The minimum load over a given
period of time.

Base Load Plant   An electricity generation plant nor-
mally operated to meet all or part of the minimum
load demand of a power company's system over a
given amount of time.

Base Load Unit   Generation unit, which is designed
for nearly continuous operation at or near full capac-
ity to provide all or part of the base load demand.

Base Year   The last year that actual data is available
and from which all forecast series emanate.

British Thermal Unit (Btu)   The standard unit for mea-
suring quantity of heat energy, such as the heat con-
tent of fuel.  It is the amount of heat energy necessary
to raise the temperature of one pound of water one
Fahrenheit degree.  There are 3412 Btu in 1 kWh.

Calibration     The process of adjusting model param-
eters such that when tested for a historical period, the
model can produce results that are as close to histori-
cal data as possible.  This is sometimes referred to as
backcasting.

Capacity     The load for which a generating unit, gen-
erating station, or other electrical apparatus is rated
either by the user or by the manufacturer.

Base Load  -    Capacity of the generating equipment
normally operated to serve continuous loads.

Peaking - That portion of the total generation capac-
ity that is used to serve the load under adverse con-
ditions, such as periods of unusually high load or
the failure of a base load or intermediate unit.  Peak-
ing capacity is not used under normal conditions and
may be activated quickly under adverse conditions.

Capacity Factor    The ratio, as expressed as a percent-
age, of the average operating load of an electric power
generating system for a period of time to the capacity
rating of the system during that period, calculated as
follows:

    
 

Average Load
Rated Capacity

X 100%

Capacity Margin    The percentage difference between
rated capacity and peak load divided by rated capac-
ity.  (See also Reserve Margin)  Capacity margin is cal-
culated as:

%100    
 

    
X

CapacityRated
LoadPeakCapacityRated −
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Certificate of Convenience and Necessity     A spe-
cial permit (which supplements the franchise), com-
monly issued by a state commission, which authorizes
a utility to engage in business, construct facilities, or
perform some other service.

Clean Air Act (CAA)    The primary federal law gov-
erning the regulation of emissions into the atmosphere.
Originally passed in 1963, it has been amended sev-
eral times with major changes occurring in 1970 and
1990.  In 1970, primary responsibility for administer-
ing the CAA was given to the newly created Environ-
mental Protection Agency.  This act required
promulgation and ongoing enforcement of National
Ambient Air Quality Standards and National Emis-
sion Standards for Hazardous Air Pollutants that limit
the maximum local concentrations of various air pol-
lutants.  In addition, the act limits the amount of vari-
ous pollutants that vehicles may emit.  The 1990
amendments set stricter provisions for motor vehicle
emissions, attainment of the national ambient air qual-
ity standards and specific restrictions on use or emis-
sions of chlorofluorocarbons, NOx and sulfur dioxide
(SO2).  The SO2 restrictions involve a system of trade-
able emissions allowances.

Combined Cycle A combustion turbine installation
using waste heat boilers to capture exhaust energy for
steam generation.

Combustion Turbine   An electric generating unit in
which the prime mover is a gas turbine engine.  (See
also  Peaking Unit)

Competition   A business environment in which more
than one supplier can potentially serve a market and
any customer has the ability to choose the supplier that
best serves its needs.

Cooling Degree-Days (CDD)   A measure of how hot
a location was over a period of time, relative to a base
temperature.  The cooling degree-days for a single day
is the difference between that day’s average tempera-
ture and the base temperature if the daily average is

greater than the base; and zero if the daily average
temperature is less than or equal to the base tempera-
ture.  (See also Heating Degree-Days)

Cooperative, Rural Electric Membership (REMC)   A
consumer-owned utility established to provide elec-
tric service in rural portions of the United States.  Con-
sumer cooperatives are incorporated under the laws
of the 46 states in which they operate.  A consumer
cooperative is a non-profit enterprise, owned and con-
trolled by the people it serves.  These systems obtain
most of their financing through insured and guaran-
teed loans administered by the Rural Utilities Service
(formerly the Rural Electrification Administration) and
from their own financing institution, the National Ru-
ral Utilities Cooperative Financing Corporation.

Deflator   An index which is used to adjust for the
purchasing power of a dollar.

Demand (Economic)   The inverse relationship between
the price of a good and the quantity demanded.

Demand   (Electric Power)   The instantaneous load on
transmission, distribution, substation and generation
facilities.

Demand-Side Management  (DSM)   The planning,
implementation and monitoring of utility activities
designed to influence customer use of electricity in
ways that will produce desired changes in a utility’s
load shape (i.e., changes in the time pattern and mag-
nitude of a utility’s load).  Utility programs falling
under the umbrella of DSM include:  load manage-
ment, new uses of electricity, energy conservation, elec-
trification, customer generation adjustments in market
share and innovative rates.  DSM includes only those
activities that involve a deliberate intervention by the
utility to alter the load shape.  These changes must
produce benefits to both the utility and its customers.

Demographics   Data on population attributes such
as age, income, number of household members, school-
ing, etc.  Demographic data is used to identify and seg-
ment customer types.
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Discrete Choice Microsimulation   A methodology
employed by the CEDMS (commercial end-use) model
wherein detailed equipment choices by customers are
simulated across a variety of distinct technologies for
a sample of representative commercial establishments.

Dispatch   The operating control of an integrated elec-
tric system to:  (1) assign generation levels to specific
generating stations and other sources of supply to ef-
fect the most reliable and economical supply as the
total of the significant area loads rises or falls; (2) con-
trol operations and maintenance of high-voltage lines,
substations and equipment, including administration
of safety procedures; (3) operate the interconnection;
and (4) schedule energy transactions with other inter-
connected electric utilities.

Economic Activity   A causal factor used in energy
models as one of the explanatory variables.  In SUFG’s
energy modeling system, each of the sectoral energy
forecasting models is driven by economic activity as-
sumptions, i.e., personal income, population, commer-
cial employment and industrial output.

Econometric Forecasting     An approach used in fore-
casting that utilizes econometric modeling principles.

Econometric Model     A single or multi-variant statis-
tical approach to explain the variations in an economic
variable by the use of changes in other observed inde-
pendent variable(s).

Economic Driver(s)   Generally used to refer to ele-
ments of a small set of primary causal elements in an
economic system.

Electric Power Research Institute (EPRI)   Founded
in 1972 by the nation’s electric utilities to develop and
manage technology programs for improving electric
power production, distribution and utilization.

Elasticity   The ratio of the percentage change in one
variable to the percentage change in another variable,
where X and Y represent variables and t denotes time.

Elasticity = ((Xt-Xt-1)/Xt-1) / ((Yt-Yt-1)/Yt-1)

Electric Energy-Weighted Commercial Floor Space

Index   This index is a proxy for the physical size of
the commercial sector.  This index is preferable to other
commonly used proxies such as non-manufacturing
employment due to the variability of electric intensity
among building types.  Originally constructed for
SUFG’s 1987 forecast, the index is annually updated.
The weights were reestimated by Jerry Jackson and
Associates based in part on data from the 1990 census.

Emissions    Air, soil, or water pollutants emitted into
a community’s atmosphere, soil, or water supply.

End Use   Uses of energy including, but not limited to,
space heating, water heating, lighting, air condition-
ing, refrigeration, cooking, electromotive and other
processes.

End-Use Model   A model focusing on end-use tech-
nologies.

End-Use Saturation  The percentage of households,
building types, etc., that include equipment to provide
an end-use service, such as air-conditioning.

Energy    As commonly used in the electric utility in-
dustry refers to kilowatthours, as opposed to “de-
mand” which refers to kilowatts.

Energy Information Administration (EIA)    Since
October 1977, the Energy Information Administration
(EIA) of the Department of Energy (DOE)  has been
responsible for collecting and publishing statistical
data on energy production, consumption, prices, re-
sources and projections of supply and demand.  The
EIA serves as an independent statistical and analyti-
cal agency within the DOE.

Energy Policy Act (EPAct)    A comprehensive federal
act passed in 1992 generally designed to improve the
efficiency of energy use in the United States.  Some of
the more important Titles in EPAct consisted of the
following major provisions:

Title I - Energy Efficiency -- requires more strin-
gent standards for building, lighting, industrial and
appliance efficiencies and encourages investments
by utilities in energy conservation measures.
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Title III - Alternative Fuels (General) -- requires
the federal government to purchase a specified num-
ber of alternative fuel vehicles each year between
1993 and 1995 and to devote an increasing percent-
age of its fleet vehicle purchases to alternate fuel
vehicles.  By 1999 and thereafter, 75 percent of fleet
vehicle purchases must use alternate fuels.
Title IV - Alternative Fuels (Non-Federal Programs)

-- provides for federally-regulated gas and electric
company recovery of costs related to research on
alternative fuel vehicles.  Also provides incentive
payments to various states to encourage develop-
ment of programs designed to encourage use of al-
ternative fuel vehicles and subsidized loans to small
businesses that operate fleets and convert or pur-
chase alternative fuel vehicles.
Title V - Availability and Use of Replacement Fu-

els, Alternative Fuels and Alternative Fueled Pri-

vate Vehicles -- requires electric utility and alterna-
tive fuel providers devote an increasing percentage
of their purchases of light duty motor vehicles to al-
ternative fuel vehicles.

Title VI - Electric Motor Vehicles -- provides sub-
sidies for purchase and demonstration of electric
motor vehicles and subsidies for research, develop-
ment or demonstration of electric vehicle infrastruc-
ture and support systems.

Title VII - Electricity -- establishes a new legal cat-
egory of Exempt Wholesale Generators (EWGs) that
are exempt from various restrictions of the Public
Utility Holding Company Act.  This provision al-
lows public utilities to own and operate separate
wholesale generating facilities and cogeneration fa-
cilities.  In addition, utilities are required to provide
power marketing agency, or other person generat-
ing electric energy for sale for resale.

In addition, some of the other provisions of EPAct re-
vise the rules for nuclear power plant licensing, estab-
lish the United States Enrichment Corporation to take
over regulation and marketing of enriched uranium,

provide funds for research and development of clean
coal technologies, as well as funds for research on the
health effects of electromagnetic fields and provide a
subsidy for electricity produced from renewable
sources.

Envelope Retrofits  The process of replacing or aug-
menting the insulation, windows, air exchange, etc. of
a building.

Estimate    To calculate approximately the extent or
amount of.

Exogenous Variable    A variable determined outside
the system of interest.

Explanatory Variables    A variable that is assumed to
be determined by forces external to a model and is
accepted as given data.  These variables are used in an
econometric model to explain the changes in the de-
pendent variable.

Firm Purchase   A form of contract under which power
or power-producing capacity is intended to be avail-
able at all times during the period covered by a com-
mitment, even under adverse conditions.

Forecast Horizon   The period of time from the start of
a forecast until the end of a forecast.

Gas-Fired Combustion Turbine An electric generat-
ing unit in which the prime mover is a gas-fired tur-
bine engine.

Generating Unit   An electric generator together with
its prime mover.

Generation, Electric   The act or process of transform-
ing other forms of energy into electric energy, or to the
amount of electric energy so produced, expressed in
kilowatthours.

Gross - The total amount of electric energy produced
by the generating units in a generating station or sta-
tions measured at the generator terminals.

Net - Gross generation less kilowatthours used at
the generating station(s).

Gigawatt (GW)  One gigawatt equals one billion watts,
1 million kilowatts or 1 thousand megawatts.
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Gigawatthour (GWh)    One gigawatthour equals one
billion watthours.

Gross Domestic Product (GDP)   The best measure of
the aggregate value of national output.  GDP is equal
to Gross National Product net of resident’s income
from economic activity abroad (i.e., exports, repatri-
ated profits, interest and so on) and property held
abroad minus the corresponding income of nonresi-
dents in the country (i.e., imports and profits and in-
terests and dividends taken out of the country).

Gross National Product (GNP)   The total dollar value
of market oriented goods and services produced by
the economy.  When the proper accounting adjust-
ments are made, this is equivalent to adding up total
income and taxes in the economy in a country; or total
sales or purchases or the total value of each industry’s
output.

Gross State Product (GSP)   Used to refer to the part
of GDP originating within any state.

Heat Rate      A measure of generating station thermal
efficiency, generally expressed in Btu per net
kilowatthour.  It is computed by dividing the total Btu
content of fuel burned for electric generation by the
resulting net kilowatthour generation.

Heterogeneity    Consisting of dissimilar ingredients.

Household Formation   The demographic and eco-
nomic process that describes the creation of a house-
hold.

Inflation Rate   The rate of change of an economy's
price level that is shared by most products.

Input   Information fed into a system.

Integrated Resource Planning   A process by which
utilities and regulatory commission assess the cost of
and choose among various resource options.

Intensity    Used in the context of disaggregating ob-
served and forecast changes in electricity use into two
components:

-- One related to changes in the level of relevant eco-
nomic activities generally outside and not sensitive

to the cost of electricity.  Primary examples are resi-
dential households, commercial building floorspace
and the level of industrial production.

-- One which is directly related to the price of elec-
tricity and describes the rate of electricity use per
unit level of the relevant economic activity, e.g., kWh
per residential customer, kWh per unit of commer-
cial building floorspace, kWh per unit of industrial
output.

Interruptible Rate   A lower rate offered by a utility to
a customer that allows the utility to interrupt electric
service.

Investor-Owned Utility   Electric utility organized as
a taxpaying business usually financed by the sale of
securities in the free market and whose properties are
managed by representatives regularly elected by their
shareholders.  Investor-owned electric utilities, which
may be owned by an individual proprietor or a small
group of people, are usually corporations owned by
the general public.

Kilowatt (kW)   One kilowatt equals 1,000 watts.

Kilowatthour (kWh)   The basic unit of electric en-
ergy equal to one kilowatt of power supplied to or
taken from an electric circuit steadily for one hour.  One
kilowatthour equals 1,000 watthours.

Load Diversity   The difference between the sum of
two or more individual loads and the coincident or
combined maximum load, usually measured in kilo-
watts.

Load Factor  The ratio, expressed as a percentage, of
the average load in kilowatts supplied during a desig-
nated period to the peak or maximum load in kilo-
watts occurring in that period.  Load factor also may
be derived by dividing the kilowatthours in the pe-
riod by the product of the maximum demand in kilo-
watts and the number of hours in the period.

Load Factor =                                 X 100% or

Load Factor =                   X 100%

Average Demand
Peak Demand

Energy
Time
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Logit Model    A statistical model  used to explain the
choice between two or more possibilities.

Log-Log Econometric Model   A statistical model in
which the logarithm of the dependent variable is lin-
early related to the logarithm(s) of the independent
variable(s).

Long Run   A period of time long enough to permit
the variation of all inputs to production, including capi-
tal and technological change. (See Short Run)

Loss (Losses)   The general term applied to energy
(kilowatthours) and power (kilowatts) lost in the op-
eration of an electric system or transmission of power
from the generation point of use.  Operational  losses
occur principally as energy transformations from
kilowatthours to waste heat in electric conductors and
apparatus.

Macroeconomic   A study generally having to do with
activities observed and measured in terms of aggre-
gates of firms and individuals, e.g., at the national level.

Marginal Cost   The change in total costs associated
with a unit change in quantity supplied (i.e., demand
or energy).

Market Share   The percentage of the marketplace cap-
tured by a particular producer or provider of services.
Also refers to the percentage of homes or building
types with installation of end-use services by fuel type.

Mean   An average of a series of observations.

Measurement Errors   Errors which occur in measur-
ing the data values.

Megawatt (MW)   One megawatt equals one million
watts.

Megawatthour (MWh)   One megawatthour equals
one million watthours.

Mix Effect   Combined effects of more than one factor.

Municipally-Owned Electric System   An electric util-
ity system owned and operated by a municipality usu-
ally, but not always, providing service within the
boundaries of the municipality.

Not-for-Profit (NFP)   When used in statistical tables
to indicate class of ownership, it includes municipally-
owned electric systems and federal and state public
power projects.

Operating and Maintenance Expense   A group of
expenses applicable to day-to-day utility operations
and maintenance of utility facilities.

Peak Demand   The maximum amount of gas, water,
or electricity consumed by a utility, its customers or
by a group of customers during a specified period of
time.

Peak Load   The greatest demand which occurred dur-
ing a specified period of time.

Peak Power  Power that is generated or purchased by
a utility to satisfy the peak demand.

Peaking Unit   A generating unit available to assist in
meeting that portion of total customer load which is
above base and intermediate load.

Penetration   This term is used to describe the market
share of end-use technologies where electricity com-
petes with other energy.

Power Flow   The various paths over which power
travels from the generator to the consumer.  These
paths are determined by laws of nature.  Also called
load flow.

Price Elasticity (Elasticity of Demand)   The ratio of
the percentage change in demand for a good to the
percentage change in the price of that good.  Demand
is elastic when the absolute value of the ratio exceeds
1.0 and inelastic when it is less than 1.0.  (See also Elas-

ticity)

Process Model   A model used to project industry
growth and growth in energy use by projecting the
growth of the factors used in the production process.
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Productivity (Energy)   Refers to the productivity of
energy as a factor of production and indicates the level
of economic value produced per unit of energy input.
Energy productivity improvements occur when exist-
ing energy uses (e.g., lighting, heating, cooling and
motor drive) can be obtained in more efficient ways
and when new, energy-using technologies result in
providing the same service levels with less energy.

Public Utility Regulatory Polices Act of 1978

(PURPA)    Federal legislation designed to encourage
conservation and alternative sources of electricity gen-
eration.

Rate Base   The value established by a regulatory au-
thority, upon which a utility is permitted to earn a
specified rate of return.

Real   An adjective that describes any monetary mag-
nitude measured in constant prices of a single base
year.  Opposite of nominal.  Economic data expressed
in real dollars represent the changes in the value of
the particular data after taking out the effect of changes
in general price levels.

Real Electric Prices   A price that has been adjusted to
remove the effects of changes in the purchasing power
of the dollar.  A real price usually reflects change in
value relative to a base year.

Reliability   The guarantee of system performance at
all times and under all reasonable conditions to assure
constancy, quality, adequacy and economy of electric-
ity.  It is also the assurance of a continuous supply of
electricity for customers at the proper voltage and fre-
quency.

Reserve   The net accumulated balance reflecting res-
ervations of Income or Retained Earnings to provide
for a reduction in the value of an asset, for a contin-
gent liability or loss, or for other special purposes.

Reserve Margin   The percentage difference between
rated capacity and peak load divided by peak load.
(See also Capacity Margin)

%100X
LoadPeak

LoadPeakCapacityRated
inargMserveRe

−
=

Rural Electrification Administration (REA)   A credit
agency of the U.S. Department of Agriculture that as-
sisted rural electric and telephone utilities in obtain-
ing financing.  REA was estasblished by Executive
Order No. 7037 of May 11, 1935 and given statutory
authority by the Rural Electricity Act of 1936.  Abol-
ished by Secretary of Agriculture memorandum 1010-
1 (October 20, 1994).  (See also Rural Utilities Services)

Rural Utilities Service (RUS)   Established on Octo-
ber 20, 1994, by the Secretary of Agriculture as succes-
sor to the REA as mandated by the Department of
Agriculture Reorganization Act of 1994 (Pub. L. 103-
354, 108 Stat. 3178). RUS assigned responsibility for
administering electric and telephone loan programs
previously administered by the REA.

Sampling Error   Error which occurs due to sampling.
A sample is a subset of a population.  Statistical prop-
erties of a sample are used to eliminate parameters
pertaining to a population.

Saturation   The supplying of a market with all the
goods it will absorb.  Used in reference to ownership
of a particular good/service in the marketplace.

Service Area   Territory in which a utility system is
required or has the right to supply electric service to
ultimate customers.

Space Heating   The use of mechanical or electrical
equipment  to heat all or part of a building to at least
50 degrees Fahrenheit.

Short Run   A period of time insufficient to permit
any change in the inputs or technology of production.
(See Long Run)

Standard Industrial Classification (SIC)   A system-
atic methodology for classifying industrial activities.
The first two digits define broad classes (i.e., 20 through
39 are manufacturing and 40s are generally commer-
cial sector activities).  The third and subsequent digits
further define the activity  (i.e., 3312 is blast furnace
and steel production and 2819 is industrial gases).
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Stochastic   Random.

Summer Peak Demand    The greatest load on an
electric system during any prescribed demand inter-
val in the summer (or cooling) season, usually be-
tween June 1 and September 30 (north of the equa-
tor).

Technology Curve   A concept employed in REEMS
and some other end-use models to capture the trade-
offs between efficiency and life cycle costs for all fea-
sible technologies.

Transmission   That portion of a utility plant used
for the purpose of transmitting electric energy in bulk
to other principal parts of the system or to other util-
ity systems, or to expenses relating to the operation
and maintenance of the transmission plant.

Unaffiliated Municipality   A municipally-owned
electric system that is not affiliated with the Indiana
Municipal Power Agency (IMPA).  (See also Munici-

pally-Owned Electric System

Unaffiliated Rural Electric Membership Coopera-

tive    A rural electric membership cooperative that
is not affiliated with Hoosier Energy Rural Electric
Cooperative, Inc. (HEREC) or Wabash Valley Power
Association (WVPA).  (See also Cooperative, Rural Elec-

tric Membership (REMC))

Uncertainty  Falling short of complete knowledge
about an outcome or result.   SUFG uses this term in
context with forecast outcome.

Variance  A measure of dispersion, spread or vari-
ability of a distribution, which will be large if the ob-
servations are distant from the mean or average and
small if they are close to the mean.

Watt    The electrical unit of real power or rate of
doing work.  The rate of energy transfer equivalent
to one ampere flowing due to an electrical pressure
of one volt at unity power factor.  One watt is equiva-

lent to approximately 1/746 horsepower or one joule
per second.

Watthour    The total amount of energy used in one hour
by a device that requires one watt of power for continu-
ous operation.
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Btu British Thermal Unit
CEMR Center for Econometric Model

Research
CC Combined Cycle
CT Combustion Turbine
CEDMS Commercial Energy Demand

Modeling System
DSM Demand-Side Management
DOE Department of Energy
EMI Econometric Model of Indiana
EPRI Electric Power Research Institute
EIA Energy Information Administration
EPACT Energy Policy Act of 1992
GAMS General Algebraic Modeling

System
GWh Gigawatthours
GDP Gross Domestic Product
GSP Gross State Product
HVAC Heating, Ventilation and Air

Conditioning
HELM Hourly Electric Load Model
HEREC Hoosier Energy Rural Electric

Cooperative, Inc.
IBRC Indiana Business Research Center
INDEPTH Industrial End-Use Planning

Methodology
I&M Indiana Michigan Power Company
IMPA Indiana Municipal Power Agency
IRP-Manager Integrated Resource Planning

Manager
ISAW Indiana State Agency Workgroup
IUPUI Indiana University Purdue

University,  Indianapolis
IURC Indiana Utility Regulatory

Commission

IPL Indianapolis Power & Light
Company

INFORM Industrial End-Use Forecast Model
IRP Integrated Resource Plan
IOU Investor-Owned Utility
kW Kilowatt
kWh Kilowatthours
LMSTM Load Management Strategy Testing

Model
MW Megawatt
MWh Megawatthours
mmBtu Million British Thermal Unit
NOx Nitrogen Oxides
NIPSCO Northern Indiana Public Service

Company
NFP Not-for-Profit
ORNL Oak Ridge National Labs
O&M Operation and Maintenance
PSI Energy PSI Energy, Inc.
PC Pulverized Coal-Fired
REEMS Residential End-Use Energy Modeling

System
REMC Rural Electric Membership

Cooperative
RTO Regional Transmission Organization
RUS Rural Utilities Service
SIGECO Southern Indiana Gas & Electric Com

pany
SIC Standard Industrial Classification
SUFG State Utility Forecasting Group
SO2 Sulfur Dioxide
TEEMS Technology-Based End-Use Energy

Modeling System
TELPLAN Total Electric Planning Model
WVPA Wabash Valley Power Association

Acronyms-1
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